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Quantum Learning Model: Building Resilient Human Capital for Sustainable
Development in Engineering

Jesica Gonzalez and Ade Mabogunje

The Quantum Learning Model (QLM) is an interdisciplinary framework inspired by
quantum physics principles to model and enhance human capital formation in science and
engineering. Unlike traditional social science approaches, which often rely on descriptive
methods, QLM integrates mathematical modeling to analyze individual transformation, predict
outcomes, and design interventions tailored to specific contexts. It emphasizes personal
transformation through self-awareness, emotional resilience, adaptability, and collaboration,
which are essential for addressing the dynamic challenges faced by STEM professionals.
Specifically, it positions these attributes as essential for combining Humanistic approaches with
emerging practices in Artificial Intelligence to address the complex challenges of the 21st
century.

Applied within ENGR306, a Stanford University course centered on innovation and
capital formation, QLM bridges education and innovation by modeling learning dynamics
through quantum analogies. Concepts like “superconductivity” represent optimal "flow" states
where resistance is minimized, while “symmetry breaking” captures transitions from
individualistic perspectives to collaborative common visions. Preliminary findings from
feedback analysis and computational simulations suggest QLM’s potential to reduce resistance to
change, foster trust, and promote individual growth. This research lays the foundation for
refining QLM through regression analysis and scaling its applications to team and ecosystem
levels, ultimately contributing to sustainable development in engineering.

Problem Statement

The increasing complexity of global societal and technological challenges of the 21st
century demands a new approach to cultivating resilient, adaptable, and innovative STEM
professionals. Yet, traditional education systems heavily focus on process efficiency and
standardization, often neglecting the dynamic processes that drive personal transformation and
collective innovation.

The Quantum Learning Model (QLM) addresses this gap by integrating quantum physics
principles into a mathematical' framework to model and enhance the dynamics of learning. By
combining descriptive and predictive methodologies, QLM allows for the exploration of
correlations between variables, enabling a deeper understanding of how transformation occurs
and also enabling the optimization of conditions for innovation.

' While mathematics is often thought about as a subject dealing with number, quantity, order, shape,
space, and change, a more modern understanding is as a science of patterns. This understanding is one
that is more powerful and allows for a better human-machine-environment modeling outcome.
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Specifically, the QLM aims to capture the mechanisms underlying "self-actualization", a
concept introduced by Abraham Maslow in his theory on the human hierarchy of needs.
Self-actualization can be understood as the psychological process of maximizing the use of an
individual’s abilities and resources, leading to the realization of one's creative, intellectual, and
social potential through internal drive. By focusing on individual transformation, the QLM
models personal learning dynamics, emphasizing emotional discomfort as a catalyst for growth
and collaboration as a pathway to resilience.

ENGR306 serves as a testbed for QLM, offering a unique environment that combines
reflective practices, peer interactions, and engagements with guest speakers and coaches. These
components, modeled as external "fields," catalyze shifts in perspectives, foster curiosity, and
enhance learning outcomes.

Quantum principles such as the previously mentioned “superconductivity” and
“symmetry breaking” underpin QLM, representing states of minimal resistance and transitions to
collective coherence. By modeling these dynamics mathematically, QLM moves beyond
traditional descriptive frameworks, offering tools to optimize educational environments and
equip individuals with the skills and resilience necessary to navigate uncertain, high-stakes
contexts. This research explores how fostering individual transformation can establish a
foundation for team cohesion and innovation at the ecosystem level.

Methodology and Approach

This research employs a mixed-methods approach to validate the theoretical constructs of
QLM, combining qualitative feedback analysis from ENGR306 with computational simulations.
Together, these methods validate QLM's theoretical constructs and provide preliminary insights
into its practical applications.

The research focuses on the Spring 2024 cohort and examines qualitative feedback to
identify changes in self-awareness, skill development, resilience, and motivation. It also
evaluates the impact of course components, such as reflective studio sessions, peer discussions,
and interactions with guest speakers and coaches.

Qualitative Analysis
Qualitative data were gathered in two ways:

e End-of-course resonance reflections (2024) — students wrote key “aha” moments,
particularly their thoughts and feelings during and after each course session on
paper. The responses were transcribed and coded with a 0-3 rubric across ten
catalysts.

e Point-in-time surveys (2024):
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o Beginning-of-quarter: demographics, baseline beliefs about capital &
innovation.

o Mid-term (Week 5-6): first run of a 10-item Quantum Catalyst Survey
(6-point Likert: Significant Decrease to Significant Increase perceived
shift) feeding the 10 categories.

o End-of-quarter (Week 10) — “Journey Map” reflection + same catalyst
items.

Feedback data from ENGR306 students forms the basis for understanding how various
course components influence personal transformation. Specific questions focused on students'
perceptions of their growth in self-awareness, their ability to navigate emotional discomfort, and
their reflections on interactions with peers, guest speakers, and coaches. The feedback revealed
that vulnerability exercises, peer-to-peer reflections, and exposure to diverse external
perspectives were pivotal in driving growth and fostering trust within the cohort.

Simulations

Preliminary simulations were conducted using the POWER? platform, traditionally used
for organizational modeling, to explore how skill levels and external inputs influence individual
learning trajectories. Actors in POWER represent the students, teaching staff, guest speakers, and
coaches.

Two scenarios were modeled: one representing a student at the beginning of the course
("Student—"), and another representing the same student mid-course with increased skills
("Student+"). Skill levels of the actor were manually and linearly updated. The simulations
modeled changes in skill levels as linear increments and incorporated interactions with guest
speakers and coaches as external "meetings," introducing energy into the system.

Key QLM theoretical constructs, such as effective potential (V(y)), emotional discomfort
(De), and cohort coherence (Cc) were mathematically modeled. For instance, Cc= aSa + BEs +
vIp describes how coherence emerges from individual self-awareness (Sa), emotional energy
(Es), and peer interactions (Ip).

Future work seeks to automate the student’s skills based on their learning journey,
validated through new data. If POWER proves too rigid, the alternative approach of migrating to
synthetic agents in a custom simulator will be considered. Yet, while the current simulations in
POWER provide only preliminary insights, they establish a foundation for moving from theory
to code, and later on for refining the QLM using regression analysis and real-world feedback
data.

2 POWER formerly Virtual Design Team (VDT) is an advanced research platform for modeling
Construction Management Projects. It was developed in the Civil and Environmental Engineering
Department at Stanford.
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Key Findings

Survey analysis shows a significant increase in students reporting “Significant Increase”
from the midterm point of the quarter to the end of the quarter in two headline catalysts:
Self-awareness (54%), and Vision/Purpose Clarity (49%). The qualitative feedback from
ENGR306 end-of-quarter reflections supported the significant growth in self-awareness among
students. Vulnerability exercises and reflective sessions emerged as key drivers of this
transformation, enabling students to confront emotional discomfort and reflect on their personal
beliefs. Guest speakers provided diverse narratives that inspired curiosity and entrepreneurial
thinking, while coaches offered frameworks for aligning personal attributes with professional
aspirations. These external influences helped students reshape the understanding of themselves,
their goals and purpose, and their relation with the surrounding ecosystem. Moreover, peer
interactions played a crucial role in building trust and enhancing collaboration, contributing to a
sense of belonging. Together, these components facilitated the alignment of individual states to
form a collective vision of the cohort focused on the understanding of the wide range of forms of
capital (human, intellectual, financial, process, and cultural) needed to innovate, analogous to the
process of symmetry breaking in quantum systems.

The computational simulations provide an initial testbed for QLM’s theoretical
constructs. Individuals with higher skill levels demonstrated reduced project completion times.
The model also showed that balancing diverse types of meetings (e.g., coordination, energy,
training, reflection) further reduced project completion times, reflecting reduced resistance,
facilitating alignment, and fostering "flow" states. These findings align with the principles of
superconductivity and symmetry breaking, providing the first steps to demonstrating their
applicability in describing and enhancing human learning dynamics.

Implications & Future Work

Limitations: The findings presented here are based on a small, elite cohort from Stanford
(n = 26) and rely on self-report instruments whose ten “quantum” catalyst categories are still
being refined. Preliminary POWER simulations update student skill levels manually and may not
capture the full learner complexity; the platform itself may prove too rigid once all state
variables are included. Finally, the single-course context and cultural homogeneity limit
generalisability. These constraints temper the observed effect sizes and shape our next research
steps.

Immediate priorities are richer, longitudinal data capture (e.g. weekly chatbot reflections
stored in MongoDB) and multivariate regression to re-weight catalyst contributions.
Medium-term, validated state equations will feed an agent-based simulator—either an adapted
POWER kernel or a bespoke tool—to test how enhanced human-capital states affect project
performance under schedule shocks.
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Even at this early stage, the Quantum Learning Model provides a transformative
framework for designing educational environments that prioritize personal growth as a precursor
to collective innovation. Unlike traditional approaches, QLM integrates mathematical modeling
to enable predictive insights, which can lead to actionable strategies for fostering self-awareness,
resilience, and adaptability, specifically for developing STEM-focused human capital.

At the individual level, QLM preliminarily demonstrates how structured
interventions—such as reflective practices, emotional challenges, and engagement with external
actors in the ecosystem across industries— catalyze personal transformation. This approach
equips students to navigate complex, high-stakes environments with confidence and curiosity.

At the team levels, QLM could lay the groundwork for fostering coherence and
adaptability within small, dynamic teams. This scalability is particularly relevant for startups and
project-based organizations, where the ability to navigate uncertainty is critical. By bridging the
gap between education, innovation, and organizational impact, QLM contributes to addressing
the "valley of death" in innovation, equipping individuals and teams with the skills and
frameworks to sustain progress through periods of uncertainty.

In the broader context of sustainable development, QLM aligns with global efforts to
cultivate resilient and adaptable human capital capable of tackling complex societal challenges.
Future research will focus on refining QLM's equations by conducting regression analysis on the
feedback data from ENGR306. Additionally, this research will explore correlations between
individual transformation and cohort characteristics, as well as the curriculum design.
Subsequently, the study will extend to examine applications within larger ecosystems, further
enhancing its relevance for sustainable development and adaptation to unforeseen challenges.

In conclusion, the Quantum Learning Model represents a paradigm shift in human capital
formation, combining quantum physics principles with educational and behavioral science to
foster transformation. Its emphasis on predictive modeling and data-driven interventions sets a
new standard for designing learning environments that prepare individuals and teams for the
challenges of the 21st century. As the QLM evolves, its potential to drive innovation and
sustainable development underscores its relevance to engineering education and beyond.
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