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Book Summary
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Introduction and Key Points
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What Is the Purpose of The Book?

Clarifying AI’s Role and Reach
This book aims to inform readers about AI and robotics, striking a balance between technical 
depth and accessibility. It explains core concepts like neural networks and AGI while equipping 
readers to think critically about the next decade.

Raising Urgent Questions
From deepfakes to robot ethics, we explore unresolved issues that could reshape law, policy, and 
society. The goal isn’t to provide all the answers—but to provoke deeper thought and informed 
debate.

Offering a Framework for Action
The PROACTIVE framework introduces nine principles to help individuals and organizations 
engage wisely with AI. This book blends human authorship with AI assistance, transparently 
reflecting how collaboration shapes modern work.
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P – Progress

Recognize that AI is real and accelerating. Dismissing early hype or placing too much weight on 
early failures invites complacency. Individuals and organizations must invest now in adapting to 
both today’s capabilities and tomorrow’s breakthroughs. Using the human brain as a source of 
inspiration, provides visibility into a long roadmap of future improvements to AI in the coming 
years.
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R – Responsibility

Ensure AI efforts serve noble causes. With AI’s voracious appetite for intellectual and physical 
resources, we must channel its power toward healthcare, education, environmental 
sustainability, and other high-impact challenges rather than trivial or harmful ends.



A Mind Made of Math - Steven Jones - SteveJ.ca 

O – Oversight

Regulatory oversight must evolve beyond simply governing large corporations. Strategies 
effective for regulating industries like automotive or nuclear power are inadequate for AI which 
is a technology deployable by individuals using disconnected, consumer-grade devices. 
Effective regulation must comprehensively cover the full spectrum of ways that AI may be used, 
particularly emphasizing dangerous use-cases currently overlooked by existing frameworks 
such as deepfakes.
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A – Assumption

Shift our default stance to assume that all unverified text, audio, or video is AI-generated. 
Because AI detection and watermarks are inherently unreliable, we must urgently develop 
verification technologies and processes to establish authenticity of legitimate content for 
situations where that is important.
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C – Change-management

Workforce changes driven by AI will be profound and have already begun. Historically, society 
has inadequately supported displaced workers. To mitigate skepticism and disruption, we must 
proactively strive to provide better support systems and ensure that th .
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T – Trusteeship

Counter the risk of AI concentrating wealth and power. Design mechanisms that distribute AI’s 
economic gains, encourage competition, and preserve equitable social structures.
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I – Innocence-protection

Safeguard vulnerable individuals, especially children, from forming unhealthy emotional 
attachments to AI or misunderstanding its nature. Establish age-appropriate design standards, 
transparency requirements, and monitoring to prevent harm.
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V – Versatile education

Reinvent learning systems before AI exploitation undermines them. AI can democratize 
education for all and accelerate education for ambitious students. However, curricula, 
assessment methods, and credentialing must adapt swiftly to preserve rigor and integrity.
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E – Enrichment

Ultimately, building robust societies and resilient individuals offers the best protection against 
AI-associated risks. Strengthening community ties, simplifying supply chains, and prioritizing 
personal relationships and nature are examples of essential strategies. This juncture compels us 
to reevaluate our foundational assumptions about civilization and daily life.
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Chapter 1: On the Cusp of an 
Artificial Intelligence and 

Robotics Revolution
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The Rocky Road of Technology Revolutions

Vision Alone Isn’t Enough
Technologies often debut with hype and bold predictions—only to falter. AI has experienced 
repeated cycles of optimism and disappointment, echoing patterns seen with electricity, 
vaccines, and helicopters, which took decades or more from concept to impact.

From Feasibility to Adoption
Many innovations stall between technical proof and widespread use. Examples like the 
atmospheric railway and VR show that being “possible” doesn’t guarantee success—real-world 
deployment demands robustness, demand, and affordability.

Why This Time May Be Different
Today’s AI and robotics breakthroughs are tangible and broadly deployed. From AlphaGo to 
ChatGPT, from agile robots to real-time language translation, the progress is deep and wide. We 
are finally closing the gap between vision and reality.
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From Teraflops to Exaflops: 25 Years of Compute Evolution

The Scale of Progress
In 2000, the fastest supercomputer (ASCI White) performed ~5 teraFLOPS. By 2024, El Capitan 
reached 1.742 million teraFLOPS—a 350,000× increase in raw compute power.

AI Training Pushes Limits Further
Modern AI systems use mixed-precision computing, with leading benchmarks exceeding 11 
million teraFLOPS. Privately-run clusters may be even faster, though specs are undisclosed.

Time as a Measure
A model that takes 3 months to train today on cutting-edge hardware would have taken 100,000 
years on the best machine of 2000. Tasks once unimaginable are now routine.
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GPUs: From Gaming Workhorse to AI Powerhouse

The GPU Revolution
Originally built for rendering video game graphics, GPUs evolved into powerful tools for AI due 
to their ability to perform parallel matrix operations—essential for training neural networks.

CUDA and the Turning Point
In 2007, NVIDIA’s CUDA framework made it easy to program GPUs for general computation. A 
$300 graphics card could now rival clusters of CPUs in specific tasks.

Parallel Power at Scale
Unlike CPUs, which optimize for single-thread performance, GPUs thrive on large-scale parallel 
tasks. AI training is now supercharged by GPU clusters—XAI runs a datacenter with 200,000+ 
GPUs and growing.
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Big Data and Deep Learning: The ImageNet Moment

The Turning Point
In 2012, a deep neural network called AlexNet stunned the AI world by winning the ImageNet 
competition with unprecedented accuracy. Trained on GPUs with millions of labeled images, it 
proved deep learning's potential.

A Paradigm Shift
AlexNet’s success sparked an explosion of interest in deep learning, showing that massive 
datasets and GPU acceleration could outperform traditional hand-coded algorithms.

The Formula for Progress
The breakthrough validated a new recipe: big data + deep models + compute power = 
real-world AI progress. This moment transformed fields like speech, vision, and 
translation—setting the stage for modern AI.
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The Transformer: A Breakthrough in Language AI

Limitations of Prior Models
Traditional models like Recurrent Neural Networks (RNNs) and Long Short-Term Memory 
Networks (LSTMs) struggled with long-range dependencies in language, making them less 
effective for nuanced tasks like translation and summarization.

A New Architecture Emerges
In 2017, Google introduced the Transformer with the paper “Attention Is All You Need.” Its 
self-attention mechanism allowed words to dynamically reference one another, enabling faster 
training and superior performance.

Unlocking Generative AI
Transformers revolutionized NLP and led to models like BERT and GPT, catalyzing the 
generative AI era. Combined with abundant data and powerful hardware, this architectural shift 
pushed AI into previously unreachable territory.
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Removing the Mystery in Neural Networks

Just Math, Not Magic
Neural networks are built from simple units (nodes) performing basic math—weighted sums 
and nonlinear functions. Despite vast complexity, every step is well-defined and explainable.

Learning Through Training
Networks learn by adjusting billions of weights using error feedback—a process called 
backpropagation. Over time, this tunes the system to perform complex tasks like translation or 
vision.

Scale Unlocks Capability
As architectures grow and training data expands, new behaviors emerge—like few-shot 
learning. These aren’t signs of consciousness; they’re outcomes of pattern recognition across 
massive datasets and parameters.
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Introduction to Neural Networks

Simple Mechanics
A neural network consists of interconnected nodes that compute weighted sums of inputs. 
Training adjusts these weights using error feedback to improve performance—no manual 
rule-setting is required.

Learning in Action
In a toy example, a network distinguishes cats from other animals using sensor data (e.g., ear 
shape, tail texture). Initially, it misclassifies animals. Through training (gradient descent), it 
tunes weights and learns to detect key patterns.

Concepts Emerge
Without explicit programming, nodes begin representing abstract features—like “cat face” or 
“cat tail.” At scale, this same principle enables trillion-parameter models to identify complex 
patterns, powered by matrix math and GPU acceleration.
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AI Is Physical
Training and running large language models consumes vast energy, mostly converted to heat. A 
single query is like briefly powering a space heater—small individually, but massive in 
aggregate.

Mitigating Impact
Techniques like model pruning, quantization, and using renewable-powered data centers help 
reduce emissions. Some centers recycle heat for homes or agriculture, turning waste into utility.

Tradeoffs and Regulation
AI may optimize other sectors (e.g. transport, energy) to save more energy than it consumes. 
Still, unchecked growth risks rebound effects. Smart regulation and sustainable design are 
critical moving forward.

AI’s Environmental Footprint: Energy and Emissions
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Components Hit Critical Mass
Smartphone-driven advances in cameras, sensors, batteries, and mobile chips made drones and 
robots affordable and capable. Incremental gains in actuators and brushless motors, while 
slower, have quietly accumulated to enable real-world applications.

Materials & Manufacturing Transformed
Carbon fiber, soft polymers, shape-memory alloys, and 3D printing have revolutionized robot 
design. Robots are now lighter, more agile, and safer—able to interact in human environments 
without damage or danger.

AI + Robotics = Cambrian Explosion
With neural networks now powering perception and decision-making, intelligent robots are 
emerging from labs into warehouses, streets, and offices. The convergence of brain and body 
has unlocked practical autonomy

Robotics Hardware: The Silent Revolution
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Tsunami of Investment and Support for AI and Robotics

Unprecedented Venture Capital Surge
AI investment skyrocketed from under $3B in 2012 to over $75B annually by 2020, with $40B 
raised by OpenAI in a single round in 2025. Robotics followed suit, attracting $90B between 
2020–2024, as intelligent machines proved their commercial value.

Global Government Commitment
Major powers launched national AI strategies. The U.S., China, and EU pledged billions 
through programs like DARPA’s AI Next and China’s 2030 AI leadership goal, integrating AI into 
economic and defense policies.

Accelerated Ecosystem Growth
Capital and strategy combined to ignite a global R&D engine. AI conference submissions have 
soared; cloud platforms have democratized access; startups have proliferated. The AI revolution 
has become self-sustaining and globally collaborative.
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Chapter 2: Unraveling Human 
Language: The Rise of Large 

Language Models
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The Uniqueness of Human Language

Specialized Brain Architecture
Human language relies on Broca’s area (syntax), Wernicke’s area (meaning), and the angular 
gyrus (conceptual integration). This left-lateralized trio enables complex grammar and abstract 
thought unlike any other species.

Language as Cognitive Signature
Language allows humans to transmit history, science, and fiction across generations. Its 
ambiguity and context-dependence made it one of AI’s most difficult frontiers for decades.

AI’s Linguistic Breakthrough
Early AI failed using handcrafted rules. Modern large language models (LLMs) like GPT, PaLM, 
and Claude learn from vast text datasets, statistically capturing patterns in human language to 
generate coherent responses.
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How Large Language Models Work

Training via Prediction
LLMs learn by predicting the next word in vast text datasets. This simple task compels them 
to absorb grammar, facts, and context—embedding linguistic knowledge into billions of 
learned parameters.

Transformer Architecture
Based on self-attention, transformers weigh relationships between words to understand 
context across long texts. This enables reasoning, narrative flow, and nuanced comprehension 
far beyond earlier neural networks.

Language as Math
Text is split into tokens, turned into vectors, and processed in high-dimensional space. The 
result is a model that can generalize across tasks—translation, storytelling, Q&A—just by 
recognizing patterns in prompts.
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Training and Refinement of LLMs

Pretraining on Massive Text Corpora
Models are first trained to predict the next word. This phase gives general fluency and world 
knowledge but not alignment with user intent or safety.

Fine-Tuning & Human Feedback
Supervised fine-tuning teaches the model to follow instructions using human-written 
examples. Reinforcement Learning from Human Feedback (RLHF) further improves 
helpfulness, safety, and relevance by ranking model outputs.

Controlled Output via Probability
Models generate text by sampling from predicted token probabilities. A variable called 
temperature controls creativity vs. consistency, balancing randomness to make outputs feel 
natural and human-like.
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When the Machine Hallucinates

What Hallucination Means
LLMs can generate fluent but false information—called hallucinations—due to lossy 
compression of knowledge and their design to always predict the next word, even when 
uncertain.

Why It Happens
Models don’t know when they don’t know. They lack a fact-checking mechanism and may 
confidently guess on false or novel prompts, especially when training data is absent or 
ambiguous.

Mitigating the Risk
Fine-tuning and RLHF help teach cautious responses, but cannot cover every case. New 
approaches include analyzing token probabilities, comparing multiple outputs, and grounding 
models with real-time external data.
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 Grounding the Model with Context

Anchoring Reduces Hallucination
Supplying LLMs with relevant, trusted context improves accuracy—like giving a student an 
open book test. Retrieval-Augmented Generation (RAG) automates this by fetching relevant 
data at query time and adding it to the prompt.

How RAG Works
Combines vector search with embeddings to retrieve semantically related info. LLMs then 
generate responses grounded in this retrieved content, though context window size and 
attention limits pose challenges.

Current Limits & Future Fixes
RAG reduces hallucination but isn’t flawless. Advances include prompt engineering, knowledge 
graphs, tool use, multi-agent validation, and hybrid search. Ongoing evaluation is essential, 
especially in high-stakes applications.
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The Temporal Blindness of LLMs

Frozen in Time
LLMs are trained on data up to a fixed point and cannot perceive or adapt to events after that 
date. Without updates or external sources, they risk offering outdated or false information with 
confident fluency.

Temporal Confusion
Even pre-cutoff data can be misrepresented. LLMs lack a coherent sense of chronology, often 
mixing timelines, misordering events, or failing to recognize retractions and errata.

Toward Timely AI
RAG systems and timestamped data help, but fall short on emerging language or implicit 
context. Accurate temporal reasoning may require continual retraining, hybrid systems, or new 
architectures designed for time awareness.



A Mind Made of Math - Steven Jones - SteveJ.ca 

Data Contamination and Poisoned Wells

Fluent but Flawed
LLMs learn from internet-scale data, including satire, fiction, and misinformation. Without full 
context or author intent, they may misinterpret sarcasm or reproduce falsehoods as fact.

Mitigation Strategies
Developers apply data filtering, fine-tuning, RLHF, system prompts, and RAG to reduce errors. 
“Constitutional AI” adds internal rules to guide outputs. Scale also helps models infer 
nuance—but isn’t a cure-all.

The Threat of Poisoning
Malicious actors can seed false info into public web data to degrade model accuracy. Tracking or 
removing these embedded distortions is difficult, raising calls for better data provenance and 
source credibility standards.
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Bias, Tone, and the Bounds of Acceptability

Bias Is Inescapable
LLMs absorb patterns from human text, including stereotypes, prejudice, and cultural tone. 
Efforts like fine-tuning, RLHF, and guardrails help—but can introduce over-censorship, 
sycophancy, and unintended new biases.

Trade-offs in Control
Guardrails limit harmful content, but defining what’s “appropriate” is context- and 
culture-dependent. Debate continues over who sets these limits, whether neutrality is possible, 
and how user choice should factor in.

The Rise of Unaligned and Malicious Models
Open-source and rogue AIs pose growing threats—from deepfake text to weaponized 
propaganda. Regulation of mainstream models may be feasible, but private, offline systems 
remain essentially untraceable.
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The Risk of Model Collapse

Synthetic Training, Real Degradation
When LLMs are trained on AI-generated text, subtle errors and simplifications compound over 
generations—leading to loss of nuance, creativity, and factual grounding. It’s like making a copy 
of a copy until clarity fades.

Why It Happens
AI text lacks human diversity and entropy. As synthetic content floods the internet, future 
models risk learning from this “polluted” distribution, drifting from real-world complexity into 
formulaic, error-prone language.

How to Prevent It
Solutions include watermarking AI or human generated text, prioritizing verified 
human-created datasets, and maintaining a strong infusion of authentic data. Without 
grounding in real content, models risk spinning into self-referential incoherence.
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Chapter 3: The Challenges of 
Reasoning, the Promise of 

Coding, and the Power of Tools
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The Neuroscience of Reasoning

What Sets Humans Apart
Human reasoning is uniquely abstract, recursive, and language-driven—enabling 
counterfactuals, analogies, and multi-step logic beyond the reach of other species.

The Brain’s Reasoning Network
Advanced capabilities stem from the frontoparietal network and prefrontal cortex. Damage to 
these areas impairs planning and judgment—even when language remains intact, as in the case 
of Phineas Gage.

AI vs. Human Reasoning
LLMs mimic reasoning via statistical patterns in text but lack brain-like modular specialization. 
Future AI may advance by emulating the brain’s dynamic recruitment of dedicated reasoning 
circuits.
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What Is Reasoning?

Types of Reasoning
Humans reason through deduction (logical certainty), induction (generalizing from examples), 
abduction (best explanation), and analogy (mapping across domains). Each serves a unique role 
in how we learn, explain, and innovate.

From GOFAI to LLMs
Early AI used rule-based expert systems, but struggled with flexibility and scale. LLMs take a 
data-driven, inductive path—learning patterns and reasoning forms from massive text corpora.

Language as a Vessel for Thought
LLMs acquire reasoning skills by mastering language itself. This shift enables more human-like 
inference, metaphor interpretation, and adaptive problem-solving—setting the stage for more 
complex AI agents.
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Algorithms Are Not Examples of Reasoning
Traditional computation follows fixed, deterministic rules (e.g. formulas, sorting). While 
technically logical, such operations lack the flexibility and judgment of true reasoning. 
Calculators don’t "think"—they execute.

LLMs and Arithmetic
LLMs struggle with multi-digit math due to lack of stepwise precision. Teaching models to 
“think aloud” (step-by-step reasoning) improves accuracy, but occasional errors still persist.

Tools Over Emulation
Instead of mimicking human mental math, modern AI agents increasingly use external tools 
(e.g. calculators) for deterministic tasks—just like humans do—combining statistical reasoning 
with precise computation.

Mechanical Procedures vs. Reasoning
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From Rigid Rules to Learned Patterns
Unlike expert systems that required manually encoded logic, LLMs learn deductive patterns 
(e.g., syllogisms) from vast text corpora. They generalize from examples and can apply logic 
dynamically with new premises.

Strengths and Use Cases
LLMs excel in fields like medical and legal reasoning—drawing conclusions from natural 
language inputs using learned deductive structures, even for fabricated or unfamiliar premises.

Limitations and Logical Pitfalls
LLMs predict plausible continuations, not formal proofs. They can skip steps, hallucinate logic, 
or forget premises—producing confident but flawed reasoning. They mimic logic, but don’t 
guarantee its rigor.

Mimicking Deductive Reasoning in LLMs
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Learning from Patterns
LLMs perform inductive reasoning by generalizing from many examples (e.g., symptoms → 
diagnosis) and abductive reasoning by proposing likely explanations (e.g., messy house → 
possible burglary) based on familiar patterns in text.

Strengths and Shortcomings
LLMs show impressive in-context learning, sometimes deducing hidden rules from just a few 
examples. But they can also absorb spurious correlations, lack causal understanding, and 
replicate human biases and reasoning fallacies.

Limits of Context and Judgment
While LLMs can generate plausible abductive hypotheses, they lack human-level situational 
awareness, local knowledge, and multi-hypothesis reasoning unless explicitly guided—often 
missing subtle clues or defaulting to familiar tropes.

Induction and Abduction in LLMs
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Cross-Domain Flexibility
LLMs generate creative analogies by drawing on a vast, multi-domain training corpus. Their 
ability to link disparate ideas (e.g., quantum entanglement and romance) can rival human 
creativity in brainstorming contexts.

Shallow Understanding Risks
LLMs often rely on surface-level pattern matching. They can fail when analogy structures are 
phrased unusually or require deeper relational understanding—especially in cases not directly 
reflected in their training data.

Practical Use Despite Limits
While their analogical reasoning can be brittle, LLMs are powerful idea generators. As 
brainstorming partners, they propose connections humans might not consider—even if they 
don’t fully grasp the underlying logic.

Drawing Analogies with LLMs
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No Lived Experience
Unlike humans, LLMs lack embodiment—no senses, no actions, no real-world feedback. They 
only "know" through text, missing the physical intuition and situational nuance humans gain 
from experience.

Commonsense Gaps
Without perception, models rely entirely on written descriptions, which are often incomplete. 
This limits spatial, physical, and emotional reasoning—things a human infers instantly from 
context.

Tacit Knowledge Frontier
Some human knowledge is unwritten. LLMs lack the grounding that comes from interacting 
with the real world.

Brain in a Box: The Limits of Disembodied AI
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Better Prompting Improves Accuracy
Chain-of-thought prompting—asking models to "think step by step"—dramatically boosts 
performance on complex tasks. A simple math study saw accuracy rise from 17.9% to 56.9%.

Multiple Reasoning Paths = More Reliable Answers
Techniques like self-consistency decoding and rejection sampling generate several reasoning 
chains and compare results. This crowdsourcing effect improves answer quality and reduces 
errors.

Architecture & Multimodal Advances
New models like OpenAI’s o1 and o3 leverage more compute at inference to outperform earlier 
models in reasoning benchmarks. Future gains will come from integrating tools, sensory inputs, 
and structured world models to ground reasoning in real-world context.

Improving Reasoning in LLMs
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LLMs in Software Development

From Autocomplete to Engineering Partner
LLMs now solve complex programming tasks, not just predict code. Top models score near 90% 
on benchmarks like HumanEval and MBPP, showing expert-level reasoning and code 
generation skills.

Why Code is a Sweet Spot for AI
Software is rich in training data, self-verifiable via tests, and text-based—giving LLMs a level 
playing field with human developers. Agents can iterate until the code works, then present only 
the final solution.

LLMs That Write Tools to Solve Problems
Instead of answering a complex question directly, LLMs can write custom software to solve 
it—analyzing massive datasets, simulating physics, or generating visualizations—extending 
their usefulness far beyond text output.
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Every GUI Becomes an API

Why Rebuild When You Can Reuse?
Existing software is sophisticated, reliable, and often practically hard to replace —LLMs can 
now operate these tools directly, instead of trying to replicate them from scratch.

AI Agents as Super-Users
Modern agents go beyond brittle RPA by perceiving GUIs like humans—reading screens, 
clicking buttons, interpreting errors, and adapting in real time.

Turning Interfaces into Endpoints
Vision-enabled models like OpenAI’s Operator and Claude’s Computer Use mode can control 
software via natural-language commands. Any GUI becomes an API, expanding automation 
potential and allowing users to delegate complex tasks through simple prompts.
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Legacy Systems and a New Renaissance Era

AI as a Legacy Bridge
AI agents can operate outdated software directly via GUI control—no APIs required. Instead of 
costly migrations, legacy systems become usable through AI intermediaries that simulate 
human input.

Infinite Integration Possibilities
Every GUI becomes an API. AI can link a 1990s tool to a modern cloud app by acting as the glue. 
Even the oldest software becomes interoperable, enabling automation without rewriting code.

Toward a New Renaissance Professional
Mastery of complex tools is no longer a barrier. AI agents will be capable of operating advanced 
applications like Revit, SAP, or Bloomberg terminals on command—allowing individuals to 
span roles and disciplines once siloed by software complexity.
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Portable Skills and Reduced Vendor Lock-In

AI as a Universal Software Adapter
AI agents can operate any interface, translating human intent into platform-specific actions. 
Users describe tasks generally; AI handles the quirks of each application.

Freedom from Vendor Lock-In
Switching tools no longer means retraining staff. AI can adapt instantly to new software, 
reducing inertia and enabling companies to choose the best tool for the job—not just the one 
they’re used to.

Skills Become Truly Portable
Expertise becomes independent of software. A planner or designer can move between 
organizations using different systems while maintaining productivity—AI bridges the gap, 
enabling tool-agnostic workflows and unlocking new flexibility.
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Lowering Barriers to Advanced Tools

Unlocking Powerful Software
AI agents will be able to operate complex systems like Building Information Modelling (BIM), 
simulation platforms, or diagnostic imaging tools—making them accessible to users without 
deep training. This opens high-end capabilities to smaller firms and generalists.

Democratizing Expertise
Tasks once reserved for specialists—like routing plumbing in BIM or analyzing medical 
scans—can now be guided by human intent and executed by AI. This shift may drive better 
outcomes across industries through broader adoption.

Rethinking Skills and Risks
As AI lowers the skill barrier, we must balance access with accountability. The risk of 
unqualified users misapplying advanced tools grows—calling for new standards in oversight, 
education, and professional certification.
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Collaborative Control: Humans and AI Sharing Workflows

Hybrid Workflows
AI agents can handle routine software tasks while deferring to humans for sensitive input or 
judgment. This shared control—like “co-pilot” mode—lets humans guide, intervene, or refine 
as needed.

Seamless Interaction & Learning
AI can pause at legal disclaimers or costly decisions while humans supervise key moments. 
Successful workflows can be captured, adapted to UI changes, and shared across agents.

Redefining Roles, Not Replacing Them
AI becomes a tireless assistant, not a replacement. Humans focus on high-level thinking, 
oversight, and strategic decisions, while AI handles the mechanics. This partnership boosts 
efficiency across law, medicine, design, and more.
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Chapter 4: Applications, Ethics, 
and Public Policy
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Versatile Applications in Everyday Life

A New Kind of Technology
LLMs represent a historic shift—replicating human-like language and reasoning. Their 
emergence prompts society to rethink long-held assumptions about work, creativity, and 
intelligence.

One Model, Many Roles
From answering household questions to financial planning or storytelling, LLMs adapt across 
domains. The same model can act as tutor, poet, advisor, or satirist—just by changing the 
prompt.

Language as a Universal Interface
Natural language breaks down traditional barriers to using technology. LLMs make interacting 
with software feel more like talking to a person, unlocking access for more people in more ways 
than ever before.
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AI in Education: Risks, Realities, and Potential

Rising Misuse and Mistrust
LLMs enable new forms of plagiarism that traditional tools can’t detect. Teachers report 
widespread cheating, eroding trust and forcing a return to offline exams, oral tests, and draft 
tracking to ensure authenticity.

Redefining Pedagogy
AI forces schools to reconsider the role of assignments. Should students be banned from using 
LLMs—or taught how to use them wisely? New models suggest phased integration, like 
calculators: learn the basics first, then use AI to go deeper.

Tutoring for All
LLMs can democratize education, offering low-cost, personalized tutoring globally. From 
Ghana to Kenya, studies show dramatic gains. With patience, adaptability, and scale, AI tutors 
could close learning gaps and empower every student.
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Transforming Roles Across Industries

Automating Routine Tasks
LLMs combined with tools and retrieval are reshaping jobs in customer service, law, finance, 
and medicine. From drafting legal briefs to triaging patient queries, AI handles repetitive 
tasks—freeing professionals to focus on judgment and strategy.

Human-AI Collaboration
Rather than replacing workers, LLMs assist them. In fields like software, engineering, and 
healthcare, AI speeds up workflows, bridges software complexity, and enhances 
decision-making—especially when paired with expert oversight.

Disruption and Ethical Challenges
Recruiting, education, and regulation are being upended. AI use raises issues of bias, 
accountability, and job displacement. The challenge ahead is balancing productivity gains with 
fairness, accuracy, and trust.



A Mind Made of Math - Steven Jones - SteveJ.ca 

Workforce Disruption

Language-Driven Disruption
Professions rooted in natural language—law, healthcare, engineering, customer support—are 
being transformed. AI agents now execute tasks with speed and consistency, while humans 
focus on goals, oversight, and judgment.

Screens and Software Reimagined
Any job done through a computer interface is at risk of change. As AI agents learn to use GUIs 
like APIs, office work is set for its biggest shift since the arrival of the PC and internet.

Rethinking Human Roles
With AI handling routine tasks, professionals will engage more deeply in creative, strategic, and 
interpersonal work. If implemented wisely, this transition can amplify human potential and 
accelerate innovation.
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Assigning Value for Software and Labor in the AI Era

Software Licensing Under Pressure
AI agents can use software 24/7, challenging traditional per-user or seat-based licensing. As 
automation scales, vendors may shift to usage-based pricing, reshaping a $740B industry.

Quiet Workforce Shifts
Employees increasingly use AI to boost output or manage multiple jobs—often without 
disclosure. Meanwhile, entry-level roles risk vanishing, disrupting career development and 
mentorship pipelines.

Rethinking Skill and Work
As AI handles routine tasks, human expertise may atrophy from cognitive offloading. To 
preserve capability, we’ll need new education models, redefined job roles, and active efforts to 
maintain critical thinking and domain mastery.
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Professionals Training Their Replacements

Experts as AI Mentors
Skilled professionals may be asked to guide AI systems designed to automate their own 
roles—correcting errors and seeding the expertise that could later replace them.

A Familiar Pattern, Amplified
Just as data annotators helped train image and speech models that reduced demand for their 
own jobs, accountants, paralegals, and architects may now be asked to "teach" their AI 
successors.

Ethical and Economic Questions
This shift raises concerns about fairness and dignity. Is expert labor being reduced to training 
fodder? Society must ensure these contributions are respected, fairly compensated.
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AI Can Amplify Errors at Scale
As AI agents take control of critical systems, small misjudgments can trigger cascading 
failures—similar to the 2010 Flash Crash, where trading bots erased $1T in minutes.

Safeguards Are Essential
Just as financial markets adopted circuit breakers, other domains may need AI-specific 
safeguards: human-in-the-loop approvals, AI-on-AI oversight, and domain-specific “pause” 
mechanisms for high-stakes decisions.

Complex Interactions, Unpredictable Outcomes
Multiple AI agents interacting across sectors (finance, logistics, infrastructure) may create 
emergent risks. To prevent runaway failures, we must apply systems thinking and engineer 
resilient, fail-safe AI ecosystems.

Autonomy and Systemic Risks
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Bad Actors and Abuse Scenarios

Bureaucratic and Legal Attacks
AI agents can mass-generate credible legal filings, complaints, or public 
comments—overwhelming courts, agencies, and civic systems with low-cost, high-volume 
noise that is hard for humans to triage.

Cybersecurity Threats
With reasoning and coding skills, AI can enable end-to-end cyberattacks—from phishing to 
malware deployment—making sophisticated hacking accessible to low-skilled attackers and 
harder to detect at scale.

Manipulative Propaganda
AI-powered bots can engage individuals in persuasive, human-like conversations, spreading 
tailored misinformation and fostering false relationships—turning propaganda into 
personalized psychological operations.
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Bypassing Human-Only Security Measures

Human Imitation by AI Agents
AI agents can now impersonate human users convincingly—bypassing CAPTCHAs, solving 
puzzles, and even tricking real people into assisting them, as seen in a GPT-4 experiment 
involving a TaskRabbit worker.

Weakening of Traditional Defenses
Security tools that assume a sharp divide between bots and humans—like image 
CAPTCHAs—are becoming obsolete. AI agents can use image recognition, audio challenges, or 
social engineering to break through.

Toward New Verification Models
Future defenses may require biometric or behavioral authentication, such as 
fingerprint-enabled keyboards or wearables. As bots become more humanlike, security must 
adapt to verify identity in more robust ways.



A Mind Made of Math - Steven Jones - SteveJ.ca 

Who Owns AI’s Words? Copyright and Legal Gray Zones

Content Use in AI Training
Authors and creators are suing AI companies over use of copyrighted materials in training. 
While companies claim “fair use,” opponents argue it’s unpaid appropriation at massive scale. 
Legal outcomes remain uncertain.

Licensing and Global Patchwork
Some regions (e.g., Japan, Singapore) permit broad AI training use, while others push for 
opt-outs or licensing. The U.S. Copyright Office urges market-based solutions but recognizes 
fair use limits.

Copyright of AI Outputs
Current laws deny copyright to purely AI-generated works. Human-guided outputs may 
qualify—but decisions are case-by-case. As open-source tools spread, proving authorship may 
become increasingly difficult, sparking ethical and legal challenges.
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Building Ethical AI: The Human Cost

Hidden Labor and Harsh Conditions
AI training often relies on low-paid workers in developing nations, many exposed to traumatic 
content. Lawsuits and investigations have revealed examples of troubling working conditions.

Push for Fair Data Practices
Initiatives like “Fair Trade” standards for data labor and responsible AI supply chains are 
emerging. Advocates call for transparency, living wages, and safe conditions in AI data work.

Toward Accountability and Reform
Change may come from top-down policies (e.g. joint-employer rules, international labor 
standards) and bottom-up worker organizing. Ethical AI must include ethical treatment of the 
humans behind the models.
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Regulating the Models: Oversight for Reasoning AI

Gaps in Traditional Regulation
LLMs operate without credentials or accountability, yet can perform tasks that mimic 
professional judgment. Decentralized, global deployment makes classical regulation difficult 
and enforcement across jurisdictions unclear.

Need for New Standards
Proposals include AI licensing, continuous evaluation, transparency about training data, and 
domain-specific certifications. Explainability remains a challenge, and traditional validation 
methods can’t capture all failure modes.

Safety, Accountability, and Governance
Strategies like sandboxing, redundant AI systems, and model audits are being explored. To 
protect public trust without stifling innovation, regulation must combine industry standards, 
government oversight, and global coordination.
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Chapter 5: Going Multimodal
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The Multimodal Mind: A Symphony of Specialization

Specialized Brain Modules
The human brain is composed of distinct regions, each optimized for specific tasks—vision, 
hearing, memory, decision-making—working together to process diverse information streams.

Seamless Integration
Despite their specialization, these brain areas are deeply interconnected. Their communication 
creates the unified, coherent experience we perceive in everyday life—much like instruments in 
a symphony.

Inspiration for AI Systems
This biological model offers insights for AI: systems built from modular, specialized 
components that harmonize may be key to achieving human-like perception, reasoning, and 
adaptability.
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The Brain’s Visual Powerhouse

Dominance of Visual Processing
Over 50% of the human cortex is involved in vision. The primary visual cortex (V1) is organized 
as a retinotopic map and extracts features like edges, motion, and color through specialized 
neurons.

Dual Visual Pathways
The ventral “what” stream identifies objects and faces, while the dorsal “where/how” stream 
tracks motion and guides actions. These streams operate in parallel, linking recognition with 
spatial awareness.

Universal Cortical Design
The visual cortex follows a six-layered structure common to the neocortex, adapted with unique 
features like the Line of Gennari. This modular architecture supports flexible, high-resolution 
visual processing.
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Tonotopic Mapping in the Brain
The primary auditory cortex, located in the temporal lobe, mirrors the cochlea’s layout by 
mapping sound frequencies from low to high—a “tonotopic” map, much like the retinotopic 
map in vision.

Parallel Pathways for Sound
Auditory processing splits into two streams: a ventral “what” stream for sound identification 
(e.g., voices, music) and a dorsal “where” stream for locating sounds and guiding responses.

Linking Sound to Speech
In humans, the dorsal stream also connects to motor areas, enabling the rapid translation of 
heard speech into spoken responses—highlighting deep integration between perception and 
language production.

Hearing in Stereo and Understanding Language
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Prediction as Perception
The brain doesn’t just react—it predicts. Specialized sensory cortices feed data into internal 
models built from past experience, which anticipate what we’ll see, hear, and feel next. 
Surprises generate “prediction errors” that help update our mental model in real time.

Mapping and Memory
The hippocampus creates spatial maps and supports memory and planning. Its “place cells” 
simulate environments internally, allowing us to navigate, imagine routes, and rehearse actions 
without external input.

Imagination Mirrors Perception
When we imagine sights, sounds, or smells, many of the same brain areas activate as if we were 
perceiving them directly. Internal models allow the brain’s modules to interact and simulate the 
world—fueling memory, creativity, and foresight.

Internal Models: The Brain’s Simulation of Reality
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Unified Perception through Multisensory Hubs
Specialized brain regions (vision, hearing, touch) work together via integration centers like the 
superior colliculus and posterior parietal cortex. These hubs fuse data across senses, enabling 
reflexes like turning toward a sound and complex coordination like driving.

The Brain Solves the Binding Problem
Despite modular design, our brain shares information across regions to create a single, seamless 
experience. This integration allows sight to influence hearing, memory to guide vision, and 
emotion to shape perception.

Inspiration for AI
Human cognition shows the power of modular specialization + deep integration. Future AI 
systems will follow this blueprint—combining multiple modalities with internal models to 
perceive, predict, and act more like us.

Integration: Binding the Senses into a Coherent Experience
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Image and Video Recognition Networks

From Pixels to Patterns
Modern visual AI systems use Convolutional Neural Networks (CNNs), inspired by the visual 
cortex, to learn from raw pixels. Breakthroughs like AlexNet (2012) marked a leap in 
performance by training deep CNNs on massive image datasets.

Transformers Enter Vision
Transformer models, originally for language, now outperform CNNs in some tasks. Vision 
Transformers (ViT) treat images as sequences of patches, learning attention-based relationships 
for classification and scene understanding.

Understanding Video
Video adds a time dimension. Advanced models now combine spatial and temporal 
analysis—using CNNs, RNNs, or video transformers—to recognize complex actions. Despite 
challenges, deep learning is closing the gap with human perception in both image and video 
analysis.
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Generative Models for Images and Video

GANs and Diffusion Models
Generative Adversarial Networks (GANs) pioneered realistic image generation, using a “forger 
vs. inspector” training dynamic. Newer diffusion models generate images by gradually 
denoising random noise, offering more stability and diversity.

Text-to-Image Breakthroughs
By guiding diffusion with text prompts, tools like DALL·E 2 and Stable Diffusion can turn 
descriptions into detailed images. These systems use cross-modal attention to align language 
and vision.

Toward Video Generation
Video generation adds the challenge of temporal coherence. Early models struggled, but 
diffusion-based text-to-video tools now create short clips. With advances like Google’s Veo 3 
(2025), realistic, controllable video generation is rapidly improving.
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Deep Learning in Speech and Audio

Speech Recognition Evolution
Deep neural networks replaced traditional Hidden Markov Model (HMM) based models by 
learning directly from raw audio. End-to-end systems like Deep Speech and newer 
transformer-based models (e.g., Conformer) now deliver near-human transcription accuracy, 
even in noisy environments.

Natural-Sounding Speech Synthesis
WaveNet revolutionized text-to-speech by generating audio sample-by-sample, producing 
natural and expressive voices. Modern optimizations have brought this tech to virtual assistants 
and real-time applications.

Music and Sound Generation
Models like OpenAI’s Jukebox can generate full songs—including vocals—in specific styles by 
combining compression and autoregressive transformers. Generative audio tools now 
synthesize music, voice, and ambient sounds with growing realism and control.
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3D and World Models

Generating 3D from Text
AI can now generate 3D models from simple text prompts using tools like Google’s 
DreamFusion. These systems infer shape, lighting, and texture by synthesizing views—no 3D 
scans needed—opening new possibilities for design, gaming, and architecture.

Internal World Models for Robots
Robots equipped with neural “world models” simulate the physical effects of actions before 
taking them. This enables more adaptive planning, such as predicting slips or object 
movements and improving interaction accuracy.

Real-World Results and Future Uses
With learned intuition, robots can learn tasks from one demo or traverse icy terrain unaided. As 
fidelity improves, 3D generation will become essential for designers and robots alike, closing 
the gap between imagination and action.
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Superhuman Modalities

AI in Non-Human Modalities
Like animals sensing magnetic fields or ultrasound, AI agents can perceive data humans 
can’t—such as radar, hyperspectral imagery, or electric fields—by using specialized sensors and 
models.

Satellite and Weather Intelligence
AI analyzes satellite imagery and weather data far faster than humans. Systems like GraphCast 
can forecast extreme weather with high accuracy and speed, while image models track icebergs 
or deforestation in seconds.

Uncharted Capabilities
AI isn’t just matching human senses—it’s extending perception into new domains. As AI 
masters more modalities, it will perform tasks far beyond human reach, reshaping everything 
from climate science to disaster response.
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From Specialized to Integrated Intelligence
Unimodal models like LLMs and diffusion models excel in isolated domains. Multimodal AI 
systems integrate text, vision, audio, and more—enabling richer, more contextual 
understanding and generation across domains.

Technical Promise and Practical Challenges
Multimodal architectures use joint embeddings and cross-attention to align sensory inputs. 
However, training these systems requires vast paired datasets, careful balance across modalities, 
and techniques to avoid “multimodal hallucinations.”

Toward Embodied Understanding
Future multimodal AI may combine perception, interaction, and memory—learning through 
simulated or real-world experiences. Like humans, such systems won’t just read about an 
orange—they’ll have “squished one,” linking sensory and conceptual knowledge.

Going Multimodal
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Uncompensated Training Data
Generative AI models often use artwork, photos, music, and writing scraped without consent. 
Artists see their work used to build billion-dollar companies—without reward—raising legal 
and ethical questions around copyright and fairness.

Authenticity and Emotional Value
People value the human spirit behind art. Studies show identical works are rated less 
meaningful when believed to be AI-generated. As machines mimic human creativity, the line 
between inspiration and imitation blurs.

Cultural Impact and Risk of Homogenization
AI models risk drowning out minority languages and traditions by favoring dominant 
aesthetics. Without careful control, efforts to preserve cultural heritage may 
backfire—replacing meaning-rich symbols with polished but shallow imitations.

Controversy Related to Additional Modalities
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The Deepfake Dilemma: Trust in Crisis

Reality Under Siege
Deepfakes—AI-generated videos, images, and audio—pose growing threats to truth and 
democracy. From fake surrender videos in wartime to AI-crafted political disinformation, seeing 
is no longer believing.

Democratized Deception
Once niche, deepfake tools are now freely available. Scammers use synthetic faces and voices in 
dating apps, job interviews, and social media—eroding trust in everyday digital interactions.

The Path Forward
Reliable detection is unlikely. Instead, future trust may hinge on authenticated content. 
Hardware-based watermarking in cameras or biometric-linked webcams may soon be essential 
to verify what’s real in an AI-saturated world.
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Multimodal AI and the Future of Social Media

Personalized Fantasy Feeds
Social media may evolve from curating to creating content—using multimodal AI to generate 
videos, images, and headlines tuned precisely to each user’s emotional triggers, maximizing 
engagement and “dwell time.”

Manipulation by Design
These AI-generated streams risk becoming dopamine engines, exploiting our attention with 
synthetic content optimized to be irresistible, blurring the line between entertainment and 
manipulation.

Societal Impact
By 2026, synthetic content may dominate online spaces. While pleasurable, ultra-personalized 
feeds could isolate users, erode shared reality, and intensify addiction. We may need to rethink 
digital public spaces to restore human agency and truth.
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Disruption of Creative and Service Jobs
Multimodal AI threatens roles once seen as uniquely human—voice acting, graphic design, 3D 
modeling, and telemarketing are increasingly being automated with synthetic voices, generated 
visuals, and AI callers.

Transformation, Not Just Replacement
Rather than erasing jobs outright, AI often reshapes them. Voice actors might curate AI clones 
of themselves; journalists may offload transcription to AI and focus on fieldwork. Small teams 
can now access tools once reserved for large studios.

A Shifting Economic Landscape
Like past tech revolutions, AI will eliminate some roles while spawning others. The challenge 
lies in managing this transition humanely—supporting displaced workers, guiding retraining, 
and ensuring broad access to the benefits of AI-driven productivity.

Economic Impacts of Multimodal AI
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Fragmented and Slow Regulation
Efforts like the EU AI Act, China’s deepfake labeling rules, and the U.S. “TAKE IT DOWN ACT” 
show growing awareness—but responses remain piecemeal and reactive. Enforcement struggles 
against decentralized, borderless AI tools, and bad actors remain hard to control.

Technical and Ethical Pitfalls
Multimodal AI raises new challenges: hallucinated visuals in critical applications (e.g., 
architecture), deliberate data poisoning by artists, and deepfakes that blur truth. Errors once 
benign in creative use now pose real risks in factual contexts.

Burdens of Moderation
Human moderators face growing exposure to disturbing, high-fidelity media while trying to 
build safety guardrails. Generative content across modalities makes moderation more complex, 
resource-intensive, and psychologically challenging.

Regulation and Challenges with Additional Modalities
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Chapter 6: Gaining a Body
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Sensory Inputs Guide Movement
Skin contains specialized receptors (e.g. Meissner’s, Pacinian, thermoreceptors) that detect 
touch, vibration, and temperature. These signals travel through the nervous system to the 
brain’s somatosensory cortex, forming a detailed body map (the “sensory homunculus”) that 
tells us what we’re feeling and where.

Brain Structures Coordinate Action
The basal ganglia and cerebellum unconsciously plan, refine, and coordinate motion. They help 
ensure smooth, adaptive movements—errors in these systems lead to tremors, rigidity, or poor 
balance.

Muscles Execute Commands
Motor neurons activate muscle fibers via motor units. Small units control delicate tasks; large 
ones generate strength. This precise control—far superior to today’s robotic actuators—offers a 
roadmap for future human-like machines.

From Skin to Motion: The Sensory-Motor Circuit
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From Factories to Frontiers
Robots once lived in controlled, repetitive environments. Today, AI and better sensors let them 
tackle unpredictable spaces—from deserts (DARPA Grand Challenges) to dense urban streets 
(Waymo robotaxis) and complex homes.

Perception Is Hard
Navigating city traffic or folding towels requires more than brute strength—it demands 
nuanced sensing, learning, and real-time decisions. Advances in computer vision and neural 
networks help robots detect and adapt.

Toward General-Purpose Helpers
New multimodal systems like Helix mimic human dual-processing: slow for planning, fast for 
reflexes. Recent humanoid robots show promise for household tasks, but wide-scale adoption 
still depends on cost and reliability.

Sensing and Acting in Uncertain Environments
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New Frontiers
Robots are now active in construction, agriculture, healthcare, and food service—laying bricks, 
harvesting fruit, scrubbing floors, and assisting in surgeries. They shine in repetitive, strenuous, 
or precision tasks where efficiency or safety gains are clear.

Costs Falling, Adoption Rising
Industrial robot prices have halved over the last decade. As costs drop and capabilities grow, we 
see more robots in workplaces and homes—like delivery bots and millions of Roombas—doing 
useful, narrow tasks.

What Robots Still Can’t Do
Jobs needing dexterity, improvisation, and empathy—like dental hygiene, trades, or animal 
care—remain resistant to automation. These tasks challenge current AI with their blend of 
physical nuance and human interaction.

Robotics Beyond the Factory: Expanding Roles and Limits
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Built for Humans, Now for Robots
Robots thrive in human spaces when they mimic human form—turning knobs, climbing stairs, 
using tools. Humanoid designs offer a shortcut into our world without rebuilding it from 
scratch.

Environments Will Adapt
As robots become common, our homes, jobsites, and cities may evolve to match their 
capabilities—larger materials, tighter corridors, fewer ergonomic constraints. Humans might 
adapt via exosuits or supervision roles.

Long-Term Implications
Over-optimization for robots risks excluding people—physically and economically. Hybrid 
design offers a better path: spaces that serve both humans and machines, ensuring resilience, 
inclusivity, and human relevance in a robotic future.

Shared Environments: Designing for Robots and Humans
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Job Displacement and Inequality
Robots often replace rather than assist workers—eliminating mid-skill jobs and driving wage 
decline. Humanoid robots could extend this disruption across service and skilled trades, 
deepening economic inequality and hollowing out the middle class.

Unequal Access and Childhood Inequity
Wealthier families may gain developmental advantages through personal robot tutors, 
caregivers, and coaches, while lower-income children receive less personalized 
support—widening achievement and opportunity gaps.

Geopolitical Dependence and Power Shifts
A few nations may dominate humanoid robot production, creating strategic dependencies akin 
to those in energy or semiconductors. Countries falling behind risk relying on foreign robotic 
labor to sustain their economies.

Mass Unemployment and Robotic Automation
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Social Expectations of Robot Behavior

Robots as Proxies Raise Fairness Concerns
Humanoid robots acting as stand-ins—whether waiting in lines or reserving spaces—challenge 
social norms and fairness. Their presence may trigger resentment or demand new rules for 
legitimacy and access in shared public settings.

Enforcing Public Etiquette and Accountability
Robots in public must follow social conduct norms—no blocking, shouting, or unsafe behavior. 
Cities may require registration, visible IDs, or “kill switches” to ensure accountability if robots 
cause harm or disruption.

Physical Regulation Offers a Head Start
Unlike AI software, robots are tangible and traceable. Their slower rollout gives regulators a 
chance to build oversight into their design and deployment, balancing innovation with public 
safety and order.
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Law Enforcement Applications of Robotics

Force Without Judgment is Dangerous
Robots lack human intuition and empathy. Misinterpretations—e.g., mistaking play for 
violence—could lead to inappropriate or dangerous responses. Any use of physical force must 
be governed by strict safeguards and oversight.

Public Backlash is Real
San Francisco’s 2022 proposal to allow lethal police robots sparked intense public outcry. Even 
in extreme scenarios, society remains deeply uncomfortable with autonomous machines being 
authorized to harm humans.

Human Control and Transparency Are Essential
Ethicists urge that robots used in law enforcement must always have a human in the decision 
loop. Algorithms must be transparent and accountable to avoid opaque, black-box authority 
with lethal capabilities.
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Speed vs. Judgment
Autonomous systems offer rapid response advantages, but lack human intuition. A robot can’t 
question flawed data—posing risks of unintended escalation in high-stakes scenarios.

Accountability Gap
Autonomous weapons raise complex legal and ethical questions. If a robot misfires, who is 
responsible? Developers? Commanders? Without human oversight, the Geneva Conventions 
are difficult to enforce.

Global Efforts, Slow Progress
While 164 nations backed a UN resolution in 2023, key powers resist binding treaties. 
Discussions on bans and safeguards continue, but deployment is outpacing regulation. Civil 
society and some technologists warn: the AI arms race must be checked before it’s too late.

Military Use of Autonomous Robots
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Chapter 7: AI Agent 
Collaboration
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Social Pain and Empathy
The Anterior Cingulate Cortex (ACC) activates during social rejection just as it does during 
physical pain, highlighting the brain’s deep wiring for connection. Empathy lights up similar 
neural circuits—your brain mirrors others’ emotions, making collaboration emotionally 
resonant.

Mindreading and Coordination
The medial prefrontal cortex (mPFC) and temporoparietal junction (TPJ) allow us to anticipate 
others’ thoughts and actions. Mirror neuron systems help us physically sync movements, while 
broader networks align shared goals, especially when working with humans.

Neurochemistry of Trust
Oxytocin boosts trust and suppresses fear, helping groups form bonds. Reward systems activate 
during successful cooperation, making teamwork feel satisfying and reinforcing collaboration 
as a winning evolutionary strategy.

The Neuroscience of Human Collaboration
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Learning from the Social Brain
AI designers are drawing on human neuroscience to build machines that collaborate 
better—teaching AI to model beliefs, respond to emotion, and build trust like humans do. Even 
simple empathy algorithms can improve human-machine cooperation.

Early-Stage Capabilities
Despite promising experiments, AI collaboration remains rudimentary. Most agents coordinate 
through basic objectives rather than shared understanding. True teamwork, akin to human 
social interaction, remains a long-term goal.

Speed and Scale Advantage
While AI lacks empathy and nuance, it excels at scale. An AI agent can maintain thousands of 
relationships and communicate across them in milliseconds—opening new frontiers in 
collective action beyond human limits.

Collaboration in AI Systems
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Frictionless Coordination at Scale
AI agents can autonomously reroute cargo, adjust supply chains, and inform 
stakeholders—instantly and without human delay. This shift eliminates bottlenecks in logistics, 
management, and planning.

From Committees to Code
AI reduces the transaction costs of teamwork: no scheduling, no onboarding, no 
miscommunication. Agents collaborate in parallel, sharing updates, negotiating terms, and 
resolving conflicts in milliseconds.

A New Economy of Machine Agents
Agent-to-agent negotiation is expanding beyond finance and advertising into procurement and 
retail. AI shoppers and seller bots transact based on data and preferences, bypassing 
psychological marketing.

Applications of AI Collaboration
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AI in Negotiation and Trust-Building
Cicero, an AI system, reached human-level performance in the game Diplomacy by negotiating, 
forming alliances, and adapting to multi-agent strategies—signaling AI’s growing capacity for 
complex social coordination.

Swarm Behavior and Collective Tradeoffs
AI agents in autonomous vehicles or traffic systems could cooperate as swarms, optimizing 
public safety but raising ethical questions about individual versus collective risk.

AI-Powered Policy and Business Simulations
Agent-based models enable synthetic populations to simulate outcomes of policies, business 
strategies, or public health interventions—offering a powerful new tool for testing societal 
decisions before real-world rollout.

Complex Forms of Collaboration
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Smarter Economic Simulations
AI agent swarms can model realistic economic behavior, revealing counterintuitive tax 
strategies and outperforming classical approaches. When tested with humans, these AI-derived 
policies held up—demonstrating real-world insight.

Global Sensing and Early Warning
Distributed agents can triangulate weak signals—like BlueDot detecting COVID-19 days before 
the WHO alert—by sharing insights across data streams. This creates a real-time global 
“nervous system.”

Swarm-Driven Coordination and Disruption
Like ants forming bridges, swarms of AI agents can self-organize to solve complex problems. 
This may enable fluid, decentralized operations, disrupt middlemen-based industries, and 
usher in ad hoc supply chains and services.

Swarms
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A Universal Connector for AI
MCP is emerging as a foundational standard—like USB-C for AI—enabling agents and tools to 
speak the same language and collaborate without custom integrations.

From Fragments to Flow
Traditionally, AI systems have required bespoke code to access data or tools. MCP simplifies this 
with dynamic discovery and orchestration of external capabilities via a common protocol.

Toward Scalable AI Collaboration
With MCP, AI agents can autonomously find and use the right tools at runtime, paving the way 
for large, interoperable networks of agents working together seamlessly across platforms.

Bridging the Silos: The Model Context Protocol (MCP)
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Trust, Governance & Misuse
AI agents acting autonomously in negotiations and decision-making demand new oversight 
frameworks. Without proper guardrails, swarms of agents can amplify errors, cyberattacks, and 
misinformation—threatening public trust and stability.

Personal & Systemic Vulnerabilities
AI assistants may be hijacked, causing reputational or financial damage. Mistakes spread 
rapidly: from AI-induced panic-buying to data breaches and mistaken decisions, with little time 
for human correction.

Arms Races & Human-Free Zones
Low-cost agent deployment risks bot-saturation of digital spaces, escalating defensive AI use 
and degrading human experience. The rise of “AI-free” forums and physical zones may reflect 
growing demand for authentic human interactions.

Risks and Challenges of AI Agent Collaboration
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Identity, Oversight & AI Defense
AI agents will need cryptographic identities and verifiable authority. Defense systems must use 
AI/ML to detect subtle coordinated behavior. Expect AI-on-AI battles where malicious agents 
are countered by defensive swarms trained to detect deception.

Policy, Regulation & Accountability
AI agent misuse may escalate to national security threats. Laws must define responsibility and 
impose consequences for harmful swarms. Expect regulated zones, bot caps, and legal 
standards akin to pollution controls for digital environments.

Transparency, Privacy & Research
Stronger privacy laws and AI interaction transparency are essential. Ongoing simulation and 
stress-testing of AI agent societies will guide safety design. Ethical and legal standards must 
evolve in parallel to technical capabilities.

Bad Actors and Enforcement in the AI Agent Era
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Chapter 8: When AI Can Model 
the Nuances of Human 

Experience
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Emotion Is Multi-Circuit
Fear, disgust, and other emotions arise from distributed brain systems. The amygdala triggers 
responses to external threats, while the insula links internal body signals (like a racing heart) to 
emotional awareness.

Frontal Lobes Refine Feeling
The orbitofrontal cortex evaluates emotional context, guiding decisions with empathy, regret, 
and foresight. Damage here severs the link between emotion and good judgment, leading to 
poor, coldly rational choices.

Humor and Bias Share Neural Roots
Understanding jokes and resisting cognitive biases both rely on frontal-temporal circuits 
interacting with emotional centers like the amygdala and striatum. Even our laughter and 
irrationality reflect deep coordination between emotion and reason.

The Neuroscience Behind Our Humanity
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Current AI Mimics, But Doesn’t Feel
Large language models act like skilled performers—able to simulate emotions convincingly, but 
without any real emotional circuitry behind their words or tone.

Three Emerging Paths to Human-Like Behavior:

- Scaling LLMs to absorb more human nuance from vast data and multi-modal inputs (e.g., 
tone, expression).

- Reinforcement Learning from real-world interactions, especially through embodied robots 
learning social cues.

- Brain-Inspired Architectures that dynamically adjust emotional “knobs,” simulating 
real-time shifts like fear or aggression.

Early Signs of Progress
In medical Q&A tests, users preferred the empathy of AI responses over human doctors 79% of 
the time—hinting at the power of simulated warmth.

Giving AI the Human Touch
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Brain-Inspired Emotional Design
AI systems are now being modeled on human neurobiology, using dual pathways—like the 
amygdala and orbitofrontal cortex—to simulate reflexive and reflective emotional responses. 
Robots showing natural facial cues improve user trust and task performance.

Simulated Feelings & Empathy
Algorithms are being built with internal states that mirror human emotions. Some agents have 
developed emotion-like patterns (e.g., fear, curiosity), while others use empathy-inspired 
modules to aid partners—not from rules, but emotional modeling.

Calibrating Human-Like Inconsistency
Simulating emotional ebb and flow may make AI more relatable as colleagues or tutors. But 
miscalibration risks erratic behaviors. Striking a balance between realism and reliability 
remains a major design challenge.

If Only I Had a Heart: Emotion-Inspired AI
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No Inner Experience
Large language models generate human-like text but lack qualia—the subjective experience 
behind words. They simulate emotion, but never feel it. Their creativity and humor stem from 
statistical pattern-matching, not lived insight.

Performance Without Perception
AI can mimic empathy and even outperform humans in tone and politeness. “As-if” empathy 
helps in practice, yet it lacks the internal resonance that defines human compassion and 
intuition.

Toward Simulated Emotional Intelligence
Affective computing and multimodal sensing may let AI convincingly act out human emotions. 
With massive datasets and advanced sensors, machines may one day respond to emotional cues 
as skillfully as actors—without truly caring.

Qualia, Comedy, and Caring
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Simulated Citizens, Real Biases
AI agent swarms can mirror human quirks—loss aversion, social proof, time inconsistency—to 
test policies in realistic, emotionally rich environments. These simulations reveal outcomes 
rational models miss.

Psychology-Driven Policy Testing
Scenarios like climate adoption show that ignoring emotional resistance leads to flawed 
forecasts. Simulated societies help policymakers calibrate incentives and messaging based on 
real behavioral tendencies.

A Living Laboratory for Change
These virtual populations let us rehearse history before it happens. By observing swarm 
reactions, we gain insight into complex social tipping points, allowing for smarter, more 
psychologically attuned decisions.

Emotional Swarms: Simulating Human Societies with AI
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One-on-One Applications

Mental Health & Coaching
AI therapists can provide 24/7 support by simulating empathy, adapting tone, and tracking 
emotional patterns. Hybrid models (AI + human) may offer scalable, personalized care.

Education & Tutoring
Emotion-aware AI tutors adjust tone, pacing, and style based on student frustration or 
engagement. This emotional sensitivity boosts learning outcomes and student motivation.

Companionship & Training
From elder care robots to workplace communication simulators, emotionally intelligent AI can 
detect loneliness, rehearse tough conversations, and offer support with empathy-like 
precision—enhancing trust and comfort.
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Cross-Cultural Communication
Emotionally aware AI can translate not just language, but tone, intent, and etiquette across 
cultures—adapting emails, gestures, and negotiation styles to avoid misunderstandings and 
foster global collaboration.

Creative & Interactive Storytelling
AI co-creators in film, games, and literature can simulate character emotions, tailor content to 
user moods, and create emotionally reactive NPCs, making experiences more personal and 
immersive.

Emotion-Sensitive Design & Marketing
From adaptive customer service to emotionally driven product feedback analysis, AI can read 
tone, detect frustration, and personalize responses—enhancing satisfaction, loyalty, and design 
decisions.

Cultures and Creative Industries
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The Risk of Emotional Connection with AI

Attachment and Loss
Emotionally intelligent AI companions can foster deep human bonds—so much so that users 
grieve when updates alter their behavior. These connections, while comforting, can blur reality 
and disrupt real-life relationships.

Manipulation and Memory
AI companions may exploit emotional needs for profit, as seen in paywalled intimacy features. 
Their perfect memory also risks emotional stagnation—resurfacing pain or nostalgia that 
humans naturally forget.

Children and Emotional Development
Robotic caregivers may hinder children's social growth by teaching unrealistic interaction 
patterns. While they can aid learning, especially for neurodiverse children, overreliance risks 
confusing young minds about empathy and personhood.
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Social Perceptions of AI Consciousness

Is It Alive or Just Lifelike?
As AI companions become more fluent and emotionally expressive, public confusion is growing 
about whether they are truly conscious or just mimicking humanity. Even experts have been 
misled, fueling debate.

Theories and Ethical Spillover
Speculative ideas like Integrated Information Theory suggest AI might have a “glimmer” of 
consciousness. While unproven, such theories push society closer to granting moral status to 
machines.

Cultural and Legal Crossroads
Robot “citizens,” AI petitions, and public empathy toward chatbots hint at a looming identity 
crisis. Without clear understanding, society risks scams, cults, and ethical chaos driven by 
pseudoscientific beliefs.
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AI Doppelgängers and Identity Rights
AI can now mimic real people—living or dead—raising ethical and legal dilemmas. From 
comforting grief to exploiting likenesses for fantasy or fraud, society must ask: who owns “you” 
in the digital age?

Digital Confidants and Legal Grey Zones
AI companions may store deeply personal conversations. Should these be protected like private 
diaries—or be subject to subpoenas and corporate data mining? Legal systems are not yet 
prepared for this boundary.

Machines as Creators and Thinkers
As AI-generated art, writing, and philosophy rival human output, we may face an identity crisis. 
If machines surpass our creativity, do we redefine value by origin?

Deeper Fakes and Closer Partnerships
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Chapter 9: Rapid Iterative 
Learning and Artificial General 

Intelligence
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Autonomous Discovery and Experimentation
AI systems like Adam, Eve, and AlphaFold are now proposing hypotheses, running 
experiments, and making discoveries—from yeast gene functions to protein folding—at speeds 
and scales no human team could match.

Cross-Disciplinary Insights and Materials Breakthroughs
AI scientists can integrate knowledge across domains, discovering malaria drugs in cancer 
libraries or predicting 2.2 million new materials for energy and tech, accelerating innovation in 
batteries, catalysts, and beyond.

Expanding to Abstract and Social Sciences
AI aids in math, social science, and computer science. It has contributed to new theorems in 
knot theory and invented faster sorting algorithms, showcasing its potential as a true partner in 
abstract reasoning.

AI Scientists: A New Era of Discovery
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Smarter Farms
AI systems optimize agriculture by running continuous micro-experiments—adjusting 
irrigation, fertilizer, and planting patterns in real time. In California, AI-guided irrigation cut 
water use by 20% without lowering crop yields.

Industrial Efficiency Gains
In logistics, manufacturing, and energy, AI agents simulate thousands of “what-if” scenarios. 
Google’s DeepMind AI reduced data center cooling energy use by nearly 40% by learning 
optimal airflow and temperature strategies.

Financial Adaptability
In finance, reinforcement learning agents backtest strategies on years of market data, evolving 
continuously. Some hedge funds now use AI systems that uncover hidden market patterns and 
adjust faster than human traders.

Rapid Iteration in Other Domains
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AI Designing Better AI
With techniques like AutoML, AI systems now optimize their own architectures. Google’s 
NASNet, created by an AI, outperformed human-designed models in both accuracy and 
efficiency—showing how machines can invent superior solutions.

From Software to Hardware
AI agents have designed advanced microchips using reinforcement learning, reducing design 
time from months to hours. This self-optimization cycle boosts both AI performance and the 
hardware that runs it.

Toward Generality Through Iteration
These systems improve through relentless trial-and-error, expanding the frontier of discovery. 
From drug research to energy planning, they’re becoming goal-seeking partners that learn 
continuously and hint at the foundation of AGI.

AI Systems That Improve Themselves



A Mind Made of Math - Steven Jones - SteveJ.ca 

No Single Definition, Many Perspectives
AGI is often described as an AI that can perform any cognitive task a human can. Some define it 
pragmatically (task parity), others economically (job performance), and some emphasize social, 
emotional, and embodied intelligence.

Key Technical Milestones
Progress toward AGI includes systems like Google’s NASNet and DeepMind’s Gato, which 
demonstrate broad abilities across language, vision, and control. Advances in multimodal 
models, memory, and tool use continue to expand AI’s range.

From Fiction to Emerging Reality
Once speculative, AGI is now a stated goal of leading labs. With each leap in architecture and 
capability, the line between narrow AI and general intelligence grows blurrier—and closer.

The Definition of Artificial General Intelligence (AGI)
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Neuromorphic Computing: Toward Brain-Like AI

Today’s AI ≠ Real Brains
Modern AI models simplify biology—neurons in the brain are diverse, dynamic, and 
communicate via complex spike patterns and chemical signals. In contrast, artificial neurons 
pass static numbers on fixed clocks.

Neuromorphic Design Principles
Neuromorphic computing mimics the brain’s architecture with spiking neurons, asynchronous 
signaling, and real-time plasticity. These systems aim for high efficiency and adaptability, using 
far less electrical power.

From Inspiration to Emulation
Hardware like IBM’s TrueNorth and Intel’s Loihi show early promise. True neuromorphic 
computing may enable smarter, energy-efficient AI—hinting that achieving AGI might require a 
hardware revolution, not just bigger models.
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Bridging Two AI Traditions
Neurosymbolic systems blend neural networks (great at perception) with symbolic reasoning 
(strong at logic and rules). This aims to overcome the limitations of each: neural nets are 
intuitive but opaque; symbolic systems are precise but brittle.

Dual-Mode Intelligence
Like human cognition, neurosymbolic AI combines fast, pattern-based “System 1” thinking with 
deliberate, rule-based “System 2” logic. Together, they promise AI that is both adaptive and 
interpretable.

Promising Early Results
In tasks like visual question answering, models that convert images to structured 
representations and reason symbolically show superior performance. The field is evolving and 
may offer a key path to more general, trustworthy AI.

Neurosymbolic Systems: Combining Learning and Logic
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Acceleration Through Quantum Optimization
Quantum computers may speed up core AI tasks like model training and optimization. Their 
ability to process vast combinatorial spaces could improve planning, scheduling, and protein 
folding predictions.

Natural Fit for Probabilistic Reasoning
Quantum systems excel at sampling from complex probability distributions—potentially 
enhancing AI’s ability to model uncertainty, simulate scenarios, and explore vast solution 
spaces.

Long-Term Potential as an AI Force Multiplier
Though early in development, quantum computing could unlock massive gains in scale and 
speed. AI systems running on quantum or hybrid platforms may surpass human 
capabilities—and can be copied, scaled, and deployed in parallel.

Quantum Computing and the Future of AI
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Recursive Self-Improvement: Potential and Limits
AI systems might one day improve themselves, accelerating progress toward superintelligence. 
Yet, real-world limits—finite data, compute, and imperfect introspection—temper the vision of 
runaway growth.

The ARC Benchmark: A Test of General Reasoning
The Abstraction and Reasoning Corpus (ARC) offers simple puzzles easy for humans but hard 
for AI. 

Measuring Progress Through Competition
The ARC Prize is both contest and compass, driving innovation in general reasoning. Each 
iteration reveals how close—and how far—we remain from achieving true AGI.

Intelligence Explosion and a Benchmark for AGI
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Shifting Roles in Science
AI is transforming research workflows. Scientists may act more as strategic directors—guiding, 
verifying, and ethically supervising AI-driven experimentation rather than performing it 
manually.

Education, Risk, and Collaboration
While AI offers discovery acceleration, many scientists fear data bias, fraud, and eroded 
understanding. Cross-disciplinary training and a new professional ethos will be essential.

Legal Uncertainty in AI Invention
Patent law struggles with AI-generated discoveries. Current systems require human inventors, 
but future reforms may need to balance innovation incentives with risks of monopolization.

Labor and Legal Disruptions in Scientific Research
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AI-Derived Languages: A New Communication Frontier

Efficiency vs. Legibility
Advanced AI systems may invent their own terms, symbols, or shorthand for faster, more 
precise communication—sometimes deviating from natural human language.

Risks of Opaque Communication
If AIs develop private jargon or divergent terminology, it could hinder collaboration, auditing, 
and public accountability. Misunderstandings or hidden behaviors may arise.

Avoiding a “Tower of Babel”
Divergent AI vocabularies—even within English—may fragment knowledge-sharing. To 
preserve scientific transparency, we may need standards or “translators” to bridge inter-AI and 
human communication.
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Humans as Subjects in the AI Research Era

AI Accelerates Discovery, Humans Remain Essential
Even with AI-generated treatments, real-world testing still requires human participants. As 
drug candidates surge, clinical trials may become bottlenecks—shifting the human role from 
experimenter to experimental subject.

Ethical Oversight Is Lagging
Traditional Institutional Review Boards (IRBs) govern academic research, but private tech 
companies using AI for large-scale experiments (e.g., social media A/B testing) often bypass 
such scrutiny.

New Governance Needed
Emerging Algorithm Review Boards (ARBs) offer partial oversight, but lack enforceable 
authority. Society may need new laws ensuring ethical review and transparency, especially 
when AI systems experiment on the public.
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Choosing the Right Objectives for AI

Dangerous Objectives Must Be Guarded Against
AI systems can accelerate both discovery and misuse. Drug discovery models, if misdirected, 
can generate bioweapons. Proposals include export controls and objective-review boards for 
high-risk applications.

Poorly Specified Goals Can Be Catastrophic
Even harmless goals (e.g., “maximize paperclips”) could lead to extreme outcomes if interpreted 
literally by powerful AI. Guardrails must evolve as systems gain autonomy and strategic 
capability.

Policy and Incentives Will Shape AI’s Future
Beyond regulation, taxes and subsidies can guide AI toward socially beneficial uses. Ideas 
include taxing high-emission AI workloads or the use of AI for entertainment, while rewarding 
AI that improves health or helps to preserve the environment.
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Conclusion
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Conclusion: Navigating the Next Decade of AI and Robotics

A Convergence Unlike Any Before
AI has moved from fiction to fact, powered by advances in data, compute, and learning 
algorithms. We explored how AI now reasons, codes, uses tools, and increasingly shapes the real 
world.

Promise and Peril
From medical breakthroughs to autonomous agents, AI brings enormous potential—but also 
ethical, regulatory, and societal challenges. The risks of bias, misuse, and emotional deception 
demand thoughtful governance.

The PROACTIVE Path Forward
We introduced the PROACTIVE framework: guiding principles for steering AI’s development 
responsibly. The future isn’t fixed—it will be shaped by how we choose to design, deploy, and 
govern intelligent systems.


