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Abstract

The goal of this project is to analyze whether machine learning algorithms
and individual humans are able to make decisions according to game the-
oretical logic. We accomplish this by querying existing machine learning
algorithms with hypothetical scenarios and comparing the corresponding de-
cisions of characters from operas. We then find the optimal sequence of
decisions with game theory. Potential future steps include training our own
model as a multi-agent system based on what we learn from preexisting mod-
els’ decision-making capabilities.

Background

As machine learning becomes increasingly prevalent in our current society,
it is assuming a more and more influential role upon individuals’ decisions.
The interplay of such decisions made by different players affect many aspects
of life, from finance and politics to biological systems. [1] Machine learn-
ing algorithms have the potential to aid in these decisions, but only when
examined first to ensure that their own choices are rational.

This study aims to assess the validity of different machine learning al-
gorithm’s decisions by comparing them to optimal decisions determined by
game theoretical concepts. This project will also compare optimal and large-
language model-generated decisions to those that humans might make in
these situations.
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Our input data consists of the decision trees of opera plots. Opera sce-
narios are suitable for our task because they provide a large and immediately
accessible corpus of data without creating too much complexity within each
plot. In addition, operas distinguish themselves from other art forms in that
they are multifaceted works of art (Gesamtkunst), combining both storyline
and music.[2] We use the musical element to quantify the emotions that drive
the human decisions of each character. We (a) test how optimal each charac-
ter’s decisions are using game theory and (b) illustrate why these “human”
decisions may differ from the optimal strategy using this musical component.

Procedure

First, we map the sequence of decisions made by each character in the
opera, along with the preceding and consequential events. We select Charles
Gounoud’s Faust [3] as a first source of data. We record the number of times
each character makes an offer to another character, whether or not this offer
is accepted, and whether each character ends up in a positive or negative sit-
uation. Having organized each character’s decisions and outcomes in a data
file, we apply a decision tree algorithm [4] to discover the optimal sequence
of decisions, based on which sequences of decisions in the opera resulted in
the highest number of positive outcomes for that character. In the event that
an alternative solution is more optimal than any decision made in the opera
dataset, we also incorporate counterfactual paths into the decision tree. [5]
Ultimately, we plan to add a 15 to 20 more operas to our dataset.

We next prompt different machine learning algorithms with the opera’s
problem scenario and ask them to determine the sequence of decisions that
will lead to the optimal outcome. Comparing the machine’s logic with that
of each character in the opera and the laws of game theory will inform how
accurate a machine versus a character is in making decisions with maximum
positive results for every player.

Knowing that opera characters often portray typical human mistakes, we
expect that most characters’ decisions will not produce the most positive
outcomes possible. To better understand why each character did not choose
the most positive course of action, we analyze the vocal and instrumental
elements of the opera. We quantify music through pitch relative to the
base note, duration, dynamics, and combination of notes by different parts
(chords). We will examine whether patterns in the music convey the emotion
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felt by characters who make irrational choices. This serves to supplement our
overall understanding of human versus mathematically correct decisions.

Next Steps

Our ultimate goal is to build a machine learning model that simulates opera
plots using a multi-agent network. If we train the model using reinforcement
learning, [6] [7] will its decisions have the maximum positive effects as de-
termined by such mathematical laws as the Nash Equilibrium? This would
follow from previous studies’ analyses using typical hypothetical scenarios
such as the Prisoner’s Dilemma. [1] [8]
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