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Figure 3: Payoff Matrix Strategy ESS Status Invasion Resistance Empirical Trend
Data Analy5|s COMMITTER Conditionally Stable Vulnerable to 25%+ invasions Growing (39.2% — 48.6%)
We constructed comprehensive payoff matrices by combining compatibility preferences with emotional Jp——

.. T . . . er e Fully Stable Resists all invasion sizes Growing (35.4% — 45.7%
outcomes: Payoff(i,j) = a-Compatibility(i,j) + B-Emotional(i) + y-Reciprocity(i,j), where a=2.0, 3=0.5, y=0.3 Y 9 (35.4% — °)
weights prioritized compatibility over individual emotional satisfaction. This reflects dating reality where Type Count  Location Significance EXPLORER Weak ESS Vulnerable to 19%+ invasions Declining (21.5% — 5.7%)
mutual attraction matters more than personal fulfillment. MANIPULATOR Weak ESS Vulnerable to 40%+ invasions Eliminated (3.8% — 0%)

] Pure Strategy 4 Tetrahedron Strategy dominance » »
Payoff Function corners Central Repeller Validation
Com patlbl|lty and emOtiOna| rewa rd interact Via: Test Method Horror Equilibrium Position Repulsion Confirmation Protection Mechanism
iiY=qa-Clii -ETi RI[ii Two-Strategy Mixed 6 Tetrahedron edges | Pairwise coexistence

P(I,J) =d C[I,J] + B E[l] +yY R['r]] gy & Eigenvalue Analysis (22.2%C, 20.0%A, 11.4%E, 46.4%M) All positive eigenvalues Mathematical instability
Each term was empirically calibrated. For mstar\ce, emotional reward E was scaled using fulfillment scores; Three-Strategy Mixed 4 Tetrahedron faces | Complex boundaries Flow Field Anavrs rtoereat outward arrome 95%+ repulsion rate oynamic avoidance
R captured how each strategy rewarded attention or suffered from regret.

Interior Central Repeller | 1 Tetrahedron center | DYSTOPIA PREVENTION Empirical Trajectory Never approached by reality 100% avoidance Evolutionary protection
Na.Sh Eg“lllbrla . . L Cross-Validation Consistent across all methods Mathematical dystopia prevented Reality fights back
Using linear complementarity programming, we found 15 equilibria: ,
. . Figure 4: 3D Phase Portrait
4 pure strategies (the simplex corners) gure
6 two-strategy mixed (on edges) T —— Di .
. Equilibria Overlay: Attractors & Mixed States VS
4 three-strategy (on triangle faces) ] T e o Central Repeller atx.zz. 0.46) ISCUSSIon
1 fu“ InteI’IOF eqUIIIbrlum E Pure Attrgctor ‘ Central Repeller: (0.22, 0.46)
@ Stable Mixed .
. . . | b » . . . . . . ape . . ° ° . -
This matched our expectations from the geometry of the 3-simplex. 08 i b :; t“ Our most striking discovery is that interior equilibrium predicts 46.4% manipulation dominance with
. . . | TR Py P . . _ . . . . .
ESS (Evolutionarily Stable Strategies) | A t' :‘ S universal suffering (payoff=-0.109). This reflects a kind of relational breakdown where deceptive strategies
! 9 g : : : . : : : .
We tested each strategy’s ability to resist mutant invasion using pairwise conditions like: Tin | R R N overpower genuine ones, leading to collective dissatisfaction. Yet in reality, such outcomes are often avoided
g FUPETE O i ) . .
W(ei, eel] + (1-€)x) > W(elJ, eel] + (1-€)x)** £ | SRR Y T N through social norms, reputational feedback, and cultural dynamics that help preserve trust and emotional
Only AVOIDANT passed at all invasion sizes. No mixed strategy was stable—this contradicts the Nash - {1 T g i £ NS bili
| Soaliit 444 tl--\.s S 4 et it N stability.
results. = 14 o = Wpmiale 3 BN NN
. e ' B, L , . : S :
S e s lnii et E it i@ PO 2 The resolution lies in understanding local versus global stability. Mixed equilibria appear mathematically
Replicator Dynamics R Rt adaads sanearretNy SN ) 3‘§§§7§ : : : L : : :
We used: 02{;rniiatls gyttt oot S NGRS N ) §§§ stable through eigenvalue analysis but have attraction basins invisible to global dynamics. This explains the
: e e a R s S Ay JREDR I ERY . o _ _ .
dxi/dt = xi(fi(x) 7)) L e e W3 A ARA f\ f\ f.\ Nash-ESS-Replicator contradiction: all methods are mathematically correct but measure different stability
Flows were computed on a grid covering the 3-simplex and projected into 2D slices for analysis. Two pure e e et N %0 02 04 06 08 1.0 types.

COMMITTER frequency COMMITTER Frequency

attractors emerged: COMMITTER and AVOIDANT. All mixed equilibria were unstable.

Current populations persist in mixed states not because mixed strategies are evolutionarily stable, but
Figure 5: 2D Phase Portraits and Central Repeller

Fixed Points of the Replicator Dynamics because they sit at basin boundaries where small shifts in behavior keep the system from settling into a single
Equilibria occur when dxi/dt = O for all i. We solved for all such fixed points and compared their stability

using the Jacobian of the replicator system.

dominant strategy.

The elimination of MANIPULATOR strategies (4%—0%) validates our central repeller theory. The interior

Eigenvalue Analysis for Stability Classification o , _ , _ _ _
equilibrium organizes flow away from manipulation dominance, creating evolutionary pressure toward honest

We computed the Jacobian:

J = Oill(fi) + xi(ofi/ox[] — df/ox[])
The interior fixed point had three positive eigenvalues — repeller. Pure strategies had one stable and one
unstable direction — saddles.

Conclusion and Limitations

: : . : : : : L : : _ strategies. This demonstrates how mathematical optimization can predict socially negative outcomes that
We found that while reality uses complex evolutionary defense mechanisms to avert these situations, Mathematics can forecast social situations in which

, . : , . , . , . natural selection actively prevents.
manipulation rules and everyone suffers. While basin boundary placement explains mixed population persistence despite pure strategy attractors, the

Our tetrahedral visualization reveals the complete 4-strategy evolutionary landscape. Unlike 2D projections
that show isolated dynamics, the tetrahedron shows interactions between all strategies simultaneously,

central repeller equilibrium organizes flow away from complete breakdown of cooperation.
2D & 3D Phase Portrait Projections
- We made six 2D slices of the 3-simplex (C-A, C-E, etc.). Arrows revealed basins of attraction and
confirmed the stability of pure COMMITTER and AVOIDANT strategies. Nullclines intersected near the
53 % COMMITTER threshold.
- Our tetrahedral simplex view let us see the entire dynamic flow. It exposed the central repeller (22 %,
20 %, 11 %, 46 %) and confirmed global repulsion toward the strategy edges.

Limitations: Generalizability outside of Dartmouth is restricted by the small sample size (n=81). Social desirability bias may be present in the classification of allowing for a comprehensive analysis of multi-strategy evolution.

self-reported strategies. Dynamic preference evolution is not captured by static payoff assumptions. Not every factor influencing actual dating decisions
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Possible Future Research: Validation across diverse college populations and multiple institutions. Dynamic payoff modeling that takes time and culture into

Nullcline Analysis
account. Tracking strategies in real time using longitudinal research. Extension outside of dating to larger social contexts. Integration with the frameworks of

Nullclines (dxi/dt = 0) exposed the critical boundary where COMMITTER dominance flips. This explained

why COMMITTERS rise when their proportion passes 53 %. social psychology and behavioral economics. Creation of intervention plans based on the manipulation of basin boundaries.



