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SHAPES AS INTERSECTIONS:
A K-8 COMPANION DOCUMENT FOR EDUCATORS

Why this matters

Students who say a rotated square is a “diamond” are not confused—they are applying the rules their materials have
taught them. Posters, worksheets, and online images often emphasize appearance and orientation over invariant
structure. This handout summarizes a research-backed reframe that replaces picture-based classification with
property-based reasoning.

Core claim: Durable geometry learning begins when shapes are taught as systems of intersecting straight lines that
close to form structures—not as pictures to memorize.

The Foundational Reframe: Shapes as Lines That Intersect

Start with structure, not pictures.
1. Straight lines intersect in space.
2. Points of intersection are vertices.
3. Line segments between intersections are sides.
4. When sides connect to form a closed loop, a polygon exists.
5. Number of vertices (and sides) determines the polygon family.
6. Properties (equal sides, right angles, parallel sides) refine which polygon it is.

Key insight: Properties do not decide whether a figure is a polygon; they decide which polygon it is.

The “What Must Be True?” Sequence (Use This Order)

Use this sequence consistently across K-8 instruction.
e Straight? (No curves)

e Closed? (No gaps)



e Count vertices/sides (3, 4, 5, 6...)
e Then properties (angles, equal lengths, parallelism)

This order reduces orientation-based errors and supports inclusive hierarchies.

Language That Retrains Thinking

Shift classroom talk from looks like to must have.
Ask instead:

e Are the sides straight?

Is the figure closed?

e How many vertices are there?

What stayed the same when it was rotated?

Which properties define this category?

Say explicitly: Rotation changes appearance—not identity.

Common Pitfalls This Reframe Fixes

e “Diamond” as a shape: An everyday picture word that creates a competing taxonomy.
e Prototype bias: Only upright triangles or long rectangles “count.”

e Exclusive categories: Squares treated as not rectangles or rhombi.

e Aesthetic sorting: Regular = real; irregular = wrong.

Fix: Use varied example spaces and property checks every time.

Classroom Routines That Work (All Grades)

3-Check Routine: Straight - Closed - Count - Properties
¢ Rotation Routine: Show the same shape in multiple orientations; keep the same name.
e Hierarchy Routine: Place squares inside rectangles and rhombi using nested diagrams.

e Build-to-See: Compose and decompose shapes with sticks, geoboards, or drawn segments.
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