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Vector Space Thinking: From Euclidean Geometry and Linear Algebra to Data Modeling
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In today’s Al, data science, and interdisciplinary science education, Vector Space Thinking has
become a core competency for handling data, building models, and understanding how algorithms
operate. Images, language, sound, and many other forms of data are often represented as vectors in
high-dimensional spaces; likewise, problems such as classification, approximation, dimensionality
reduction, optimization, and learning are all grounded in notions of distance, direction, projection,
subspaces, and linear structure. Centered on Vector Space Thinking, this course guides students from
the geometric intuition of “flatness” and “straightness” in Euclidean space toward the use of algebraic
structures to describe high-dimensional spaces.

The course begins with fundamental concepts such as points, vectors, translations, length, angles,
projections, lines, planes, and hyperplanes, helping students develop a structural understanding of
space. Since, in the real world and in Al applications, the data we handle often lie in high-dimensional
spaces, intuitive visualization alone is no longer sufficient to describe the structures and relationships
that arise there. We must therefore turn to a more stable and generalizable algebraic language. This
includes concepts such as vector addition, scalar multiplication, linear combinations, span, basis,
dimension, column space, null space, rank, and projection.

This course interweaves three main threads: geometry, algebra, and data modeling. Such an
integrated approach helps students understand, while learning the foundational theory, how these
ideas function in Al and data analysis. It prevents them from viewing geometry, matrices, vector spaces,
and data models as isolated bodies of knowledge. Instead, the course aims to show that linear algebra
is a unified theoretical framework for data representation and model construction, and to cultivate in
students the structured way of thinking needed to work with high-dimensional data and modern Al
models.

Keywords : Vector space, Euclidean geometry, Linear algebra, Data modeling
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