(Selected passages from Chapter 21 (Geometric Thinking and Geometric Concepts, pages 408 - 414) from Elementary and Middle School Mathematics: Teaching Developmentally by John A. Van de Walle (2007)

The Development of Geometric Thinking

Not all people think about geometric ideas in the same manner.  Certainly, we are not all alike, but we are all capable of growing and developing in our ability to think and reason in geometric contexts.  The research of two Dutch educators, Pierre van Hiele and Dina van Hiele-Geldof, has provided insight into the differences in geometric thinking and how the differences come to be.


The van Hieles’ work began in 1959 and immediately attracted a lot of attention in the Soviet Union but for nearly two decades got little notice in this country (Hoffer, 1983; Hoffer & Hoffer, 1992).  But today, the van Hiele theory has become the most influential factor in the American geometry curriculum.

Implications for Instruction
If the van Hiele theory is correct – and there is much evidence to support it – then a major goal of the K-8 curriculum must be to advance students’ level of geometric thought.  If students are to be adequately prepared for the deductive geometry curriculum of high school, then it is important for their thinking to have grown to level 2 by the end of the eighth grade.

Not every teacher will be able to move children to the next level.  However, all teachers should be aware that the experiences they provide are the single most important factor in moving children up this developmental ladder.  Every teacher should be able to see some growth in geometric thinking over the course of the year.

The van Hiele theory and the developmental perspective of this book highlight the necessity of teaching at the child’s level of thought.  However, almost any activity can be modified to span two levels of thinking, even within the same classroom.  For many activities, how we interact with individual children will adapt the activity to their levels and encourage them or challenge them to operate at the next higher level.

The following sections contain descriptions of the types of activity and questioning that are appropriate for each of the first three levels.  Apply these descriptors to the tasks that you pose to students, and use them to guide your interaction with students.  The use of physical materials, drawings, and computer 
models is a must at every level.

Instruction at Level 0

Instruction activities in geometry appropriate for level 0 should:

· Involve lots of sorting and classifying.  Seeing how shapes are alike and different is the primary focus of level 0.  As students learn more content, the types of things that they notice will become more sophisticated.  At an early stage they may talk about very non-geometric-sounding attributes of shape such as “fat” or even the color of the pieces.  When properties such as symmetry and numbers of sides and corners are introduced, students should be challenged to use these features to classify shapes.
· Include a sufficient variety of examples of shapes so that irrelevant features do not become important.  Students need ample opportunities to draw, build, make, put together, and take apart shapes in both two and three dimensions.  These activities should be built around specific characteristics or properties so that students develop an understanding of geometric properties and begin to use them naturally.

To help students move from level 0 to level 1, students should be challenged to test ideas about shapes for a variety of examples from a particular category.  Say to them, “Let’s see if that is true for other rectangles,” or “Can you draw a triangle that does not have a right angle?”  In general, students should be challenged to see if observations made about a particular shape apply to other shapes of a similar kind.

Instruction at Level 1
Instruction activities in geometry appropriate for level 1 should:

· Focus more on the properties of figures rather than on simple identification.  As new geometric concepts are learned, the number of properties that figures have can be expanded.

· Apply ideas to entire classes of figures (e.g., all rectangles, all prisms) rather than on individual models.  Analyze classes of figures to determine new properties.  For example, find ways to sort all possible triangles into groups.  From these groups, define types of triangles.  Dynamic geometry software such as The Geometer’s Sketchpad (Key Curriculum Press) is especially useful for exploring many examples of a class of shapes.

To assist students in moving from level 1 to level 2, challenge them with questions such as “Why?” and those that involve some reasoning.  For example, “If the sides of a four-sided shape are all congruent, will you always have a square?” and “Can you find a counterexample?”

Instruction at Level 2

Instructional activities in geometry appropriate for Level 2 should:

· Encourage the making and testing of hypotheses or conjectures.  “Do you think that will work all the time?”  “Is that true for all triangles or just equilateral ones?”

· Examine properties of shapes to determine necessary and sufficient conditions for different shapes or concepts.  “What properties of diagonals do you think will guarantee that you will have a square?”

· Use the language of informal deduction:  all, some, none, if . . . then, what if, and so on.

· Encourage students to attempt informal proofs.  As an alternative, require them to make sense of informal proofs that other students or you have suggested.

Task Selection and Levels of Thought

If you teach at the K-3 level, nearly all of your students will be at level 0.  However, by at least grade 3 you certainly want to begin to challenge students who seem able.  In the upper grades you may have children at two or even all three levels within the same classroom.  How do you discover the level of each student?  Once you know, how will you select the right activities to match your students’ levels?

No simple test exists to pigeonhole students at a certain level.  However, examine the descriptors for the first two levels.  As you conduct an activity, listen to the types of observations that students make.  Can they talk about shapes as classes?  Do they refer, for example, to “rectangles” rather than basing discussion around a particular rectangle?  Do they generalize that certain properties are attributable to a type of shape or simply the shape at hand?  Do they understand that shapes do not change when the orientation changes?  With simple observations such as these, you will soon be able to distinguish between levels 0 and 1.  

At the upper grades, attempt to push students from level 1 to level 2.  If students are not able to follow or appreciate logical arguments and are not comfortable with conjectures and if-then reasoning, these students are likely still at level 1 or below.
At each level of geometric thought, the ideas created become the focus or object of thought at the next level.
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