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Objectives

1. Identify & quantify cognitive dissonance in 
individuals, communities and societal subgroups

2. Model & predict shift of beliefs & opinions over time

3. Develop a general theory of belief shift, predicated by 
the need for cognitive consistency
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We aim to detect and quantify cognitive dissonance in individuals, communities, 

and societal groups, and ultimately craft a general theory of belief shift over 

time, driven by the need to maintain and maximize cognitive consistency. We bring 

together psycho-social theory, stochastic processes, and large deviation analysis 

from information theory to predict likely choices and actions under cognitive 

conflict and chart the long-term stochastic dynamics of belief evolution. Our key 

innovation is the formulation of the notion of cognitive dissonance as 

a information-theoretic measure of surprise; computed as the deviation of an 

individual's opinions/beliefs from what is predicted by inferred models that 

optimally encode the responses of a wider random yet socially matched 

population. We develop a novel machine learning framework (recursive decision 

forest) to automatically seek out individuals with high dissonance, and topics 

around which significant dissonance exists in social groups. Precise mathematical 

formulation of a metric between opinion vectors allows us to view, model and 

predict real-world belief trajectories as they evolve. We develop and validate our 

models on the General Social Survey dataset (1972-2018), which provides a cross-

section of the American Society spanning four decades.

Highlights | Accomplishments

Summary

Automated inference of complex 
emergent dependencies between opinions & beliefs 
using General Social Survey (1972-2018)

Recursive decision forest of conditional inference 
trees as a new tool for analyzing opinion surveys

Intrinsic metric on the space of opinions, with 
the provable property that closer opinions have 
higher odds of spontaneous shift

Application of large deviation theory to stochastic 
dynamics in opinion space, demonstrating belief 
shift trajectories over time

Software: python package
https://pypi.org/project/quasinet/

Paper draft under 
preparation

https://pypi.org/project/quasinet/


Core Idea:

1. Opinions have dependencies

2. Infer these dependencies using a novel ML 
framework called recursive forests of 
conditional inference trees

3. Visualize dependency graphs among 
opinions over time

4. Define a metric on space of opinions, to
visualize the opinion geometry of the US 
society over time

5. Measure the probability of spontaneous 
shift, leading to a theory of belief shift with 
the ability to simulate/forecast belief 
trajectories
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Theory
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Towards A Formulation for Spontaneous Shifts
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Three Fundamental Equations for Opinion 
Geometry Inference and Belief Shift Dynamics

Recursive 
Forest

Metric

Dissonance
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Dynamic Modeling & Spectral Analysis



Results
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Component Conditional Inference Trees Computed for 
specific GSS Variables for Different Years

reliten 94

abany 96

abany 14 gunlaw 18

gunlaw 14
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Inferred Dependency Structures (shown for three years)
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Geometry of 
Opinion Space with 
Belief Spectrum

Larger dots 
represent thought 
leaders
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Belief Shift Trajectories Simulated with correspoding local shifts
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Worsening Societal Fracture: 
Association with Rise of Social Media
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Ongoing Validation

1. Validate forecasting of societal shifts in opinion 
distributions for key contentious GSS variables

2. Use true longitudinal datasets to validate opinion 
shifts in individuals over time

3. Design optimal intervention strategies

Ongoing & Future Work

Future Work

1. Validate interventions
2. Experiment with local cohorts
3. Investigate cross-talk effects between inferred geometry of opinion 

space and external socio-economic variables
4. Apply to data beyond US and Western nations
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