NEXUS STEM WORKSHOP

Nexus
Programming
Signature

TWO-YEAR PROGRAM SYLLABUS FOR DEVELOPING STEM PROGRAMMING SKILLS

Where Patterns End, Discovery Begins.

A rigorous programming pathway for students ready to move beyond syntax
into computational thinking, numerical methods, and scientific problem solving.
Students learn to write code, understand why it works, test whether it should

be trusted, and apply programming to mathematics, physics, and data-driven inquiry.

FORMAT: 2.5 hours per session
LEVEL: Advanced middle school to high school
FOCUS: Python, algorithms, modeling, numerical methods

ORIENTATION: First-principles thinking in the Al era



Program Vision

Nexus Programming Signature treats programming as a language for reasoning, modeling,
and problem solving—not merely as coding syntax. Our goal is to cultivate students who

think clearly, build rigorously, and apply computation to understand the world.

1. WHY PROGRAMMING STILL MATTERS IN THE Al ERA

¢ Problem Framing — Al can generate code, but students must decide what problem is
actually being solved.

* Algorithmic Judgment — students learn to compare methods, efficiency, and tradeoffs.
* Debugging and Verification — Al output still needs testing, diagnosis, and correction.

* Numerical Trustworthiness — students must detect instability, approximation error,
and false confidence.

» System Design — real solutions require structure, decomposition, interfaces, and
maintainable thinking.

* Human Interpretation — code only matters when students can explain results and

connect them to real phenomena.

2. NEXUS TEACHING PHILOSOPHY

* First-principles thinking before shortcut memorization.
* Code connected to mathematics, physics, and scientific inquiry.
* Explanation, proof, and validation alongside implementation.

* Independent thinking: students learn to use Al as a tool, not as a substitute for understanding.

3. PROGRAM AT A GLANCE

Format 2.5 hours per session

Level Advanced middle school to high school

Prerequisites Strong algebra background; curiosity about mathematics and science
Primary Language Python

Core Tools Jupyter, NumPy, SciPy, Matplotlib

Program Structure Year I: Programming Foundations;

Year II: Numerical Methods and Computational Modeling
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Year I —

Programming Foundations

Year | builds fluency in Python while cultivating disciplined computational thinking.
Students learn not just how to write code, but how to structure it, test it, and
reason about it.

1.

Python Basics and Data Structures
variables, expressions, strings, lists, tuples, sets, dictionaries, and NumPy arrays.

Functions, Logic, and Control Flow

function design, scope, conditionals, iteration, and expressive
problem decomposition.

Recursion and Algorithmic Thinking

recursive structure, divide-and-conquer ideas, and building
mathematical habits of mind.

Object-Oriented Programming

classes, objects, inheritance, encapsulation, and
reusable program design.

Complexity, Precision, and Reliability
Big-O thinking, profiling, floating-point representation,
and computational error.

Debugging, Data /O, and Visualization

robust error handling, reading and writing data files,
and clear 2D/3D data visualization.

REPRESENTATIVE YEAR | PROJECTS

Build a computational calculator with reusable functions.
Compare iterative and recursive solutions.
Create a small simulation class using object-oriented design.

Visualize real or simulated data with publication-quality plots.
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Year II — Numerical Methods
and Computational Modeling

Year II extends programming into the mathematical and scientific methods

that power modern engineering, data analysis, and computational science.

1.  Linear Algebra and Eigenvalue Problems
vectors, matrices, linear systems, eigenvalues, and computational applications.

2.  Regression, Interpolation, and Approximation
least squares, interpolation methods, and Taylor-series style approximation.

3.  Root Finding and Numerical Calculus

nonlinear equations, numerical differentiation, and numerical integration.

4. Differential Equations

initial value problems, boundary value problems, Euler methods,
Runge-Kutta ideas, and stability awareness.

5.  Fourier Methods and Signal Analysis
frequency-domain thinking, DFT, FFT, and interpretation of signals.

6. Introduction to Machine Learning
classification, regression, clustering, and how computation
supports data-driven inference.

By the End of the Program, Students Should Be Able To

+ Write clear Python code for mathematical and scientific tasks.

* Choose methods thoughtfully rather than using algorithms blindly.

e Test, debug, and validate both self-written and Al-generated code.

* Model real quantitative problems with computational tools.

¢ Communicate results through explanation, visualization, and interpretation.

Signature Alignment

¢ Natural companion to Nexus Math Signature and Nexus Physics Signature.
* Strong preparation for future study in engineering, applied mathematics,
data science, and Al-related fields.
¢ Best suited for students who want depth, not just exposure. 4



