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Abstract 

This paper presents a series of activities that focus on teaching students about 

quadrilaterals. Each of the activities progresses through the levels of the van Hiele model, 

starting at Level 0 – Visualization and ending at Level 4 – Rigor. A rationale is provided for 

each activity along with a description of the Standards for Mathematical Practice that are 

addressed by each activity. 
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Level 0 – Visualization 

Activity 

The focus of all five activities will be on quadrilaterals. In this activity, I would 

provide each student with a set of polygonal cutouts, including quadrilateral cutouts. Then, 

I would have them sort the quadrilaterals into different groups and arrangements. After 

working on this independently, I would have the students share their set of cutouts with 

another student and sort them together.  

Rationale 

Level 0 of the van Hiele model focuses on identifying shapes for their global 

features, where the shapes are viewed as a whole, and not in connection with any of its 

internal features, “Geometric concepts are viewed as total entities rather than as having 

components or attributes. Geometric figures, for example, are recognized by their shape as 

a whole, that is, by their physical appearance, not by their parts or properties” (Crowley, 

1987, p. 2). Having the students engage in an activity where they sort a number of 

polygonal cutouts according to their global features, allows them to explore the different 

shapes’ features and classify them by these features. According to Van de Walle, Karp, and 

Bay-Williams (2013, p. 403), “The general goal is to explore how shapes are alike and 

different and to use these ideas to create classes of shapes (both physically and mentally).” 

By sorting the different shapes and classifying them, the students can begin to see how 

shapes are alike and how they are different. 

MPS 

This activity addresses two Standards for Mathematical Practice. It addresses MP1 

by focusing on making sense of the shapes provided and their global features, 
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“[Mathematically proficient students] analyze givens, constraints, relationships, and goals. 

They make conjectures about the form and meaning of the solution and plan a solution 

pathway rather than simply jumping into a solution attempt” (California Department of 

Education [CDE], 2014, p. 6). Having the students compare the different shapes and sort 

them into different arrangements, gave them the opportunity to analyze the relationships 

between the global features of each shape and make sense of their form. The activity also 

addresses MP7, which states, “Mathematically proficient students look closely to discern a 

pattern or structure” (CDE, 2014, p. 7). The students’ approach to discerning a pattern is 

evident in their ability to identify global features of each shape and classify them 

accordingly. 

Level 1 – Analysis 

Activity 

Using the same cutouts from the Level 0 activity, I would have the students separate 

the quadrilateral cutouts and put the other cutouts away. I would give them a set of index 

cards with different properties listed on each card. I would have them analyze the 

properties of each quadrilateral cutout and sort them according to the single property 

listed on the card. For example, they might be asked to sort all the quadrilateral cutouts by 

those that have four 90° angles, and those that do not. Other examples include sorting the 

cutouts by how sets of parallel sides they have or by how many sides are similar in length. I 

would have them continue doing this, working through all of the properties listed in the 

cards. I would also leave a few blank index cards, in case any of the groups have identified 

properties that were not covered by those listed on the other cards. 
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Rationale 

At Level 1 of the van Hiele model, students are able to analyze the local features (e.g. 

lengths of the sides, parallelism of the sides, measurements of the angles, and orthogonality 

of the angles) of a particular class of shapes, “By focusing on a class of shapes, students are 

able to think about what makes a rectangle a rectangle (four sides, opposite sides parallel, 

opposite sides same length, four right angles, congruent diagonals, etc.)” (Van de Walle et 

al., 2013, p. 405). Having the students sort the quadrilateral cutouts by a single property, 

allowed them to analyze each shape and make a judgment based on that shape’s local 

features. It would have not only exposed them to the shape’s other local features, but it 

would have helped develop their ability to distinguish similar features in each shape. 

Ultimately, the students have transitioned from analyzing different shapes by their global 

features to classifying the shapes and analyzing the shapes within a class by their local 

features.  

MPS 

This activity addresses two Standards for Mathematical Practice. It addresses MP1 

by having the students analyze the local features of a class of quadrilateral shapes and 

making sense of these features, “Mathematically proficient students set out to understand a 

problem and then look for entry points to its solution” (CDE, 2014, p. 6). At first glance, the 

students may feel overwhelmed with all the quadrilateral cutouts and their respective 

features. Using the index cards to guide their thinking, they must look for a way to analyze 

each cutout correctly, in order to identify which quadrilaterals should be sorted together. 

Also, analyzing each cutout and looking for patterns in their local features addresses MP7 

of the Standards for Mathematical Practice, “[Mathematically proficient students] can see 
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complicated things as single objects, such as seeing two successive reflections across 

parallel lines as a translation along a line perpendicular to the parallel lines” (Illustrative 

Mathematics, 2014, p. 18). 

Level 2 – Informal Deduction 

Activity 

I would distribute geoboards to each student and tell them to construct a particular 

quadrilateral (e.g. a rectangle). Then, I would have them transform that quadrilateral into 

another quadrilateral (e.g. a parallelogram) and have them explain in writing the steps they 

had to take to successfully complete the transformation. After each transformation, I would 

have the students share their steps with one of their peers to explore other ways of 

completing the transformations. For example, one student may be moved the top two 

vertices of the rectangle to the right to form a parallelogram, while another student may 

have moved the bottom two vertices to the right. They both formed parallelograms, but did 

so using two different methods.  

Rationale 

Level 2 of the van Hiele model focuses on the relationships between the properties 

of geometric objects. At this level, the students be able to not only compare properties of 

different geometric objects, but be able to see the relationship between these properties, 

“As students begin to think about properties of geometric objects without focusing on one 

particular object (shape), they are able to develop relationships between these properties” 

(Van de Walle et al., 2013, p. 405). Having the students transform one quadrilateral into 

another allows them to assess the properties that both quadrilaterals have in common and 

the properties that change during the transformation. When that have determined which 
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properties need to be changed, they must analyze how this change must happen in order to 

successfully transform the only quadrilateral into another.  

MPS 

This activity addresses two Standards for Mathematical Practice. As the students 

work through each transformation, they may find some to be easy (e.g. transforming a 

square into a rectangle) because they are more familiar with the properties of the 

quadrilaterals. They may also find some of the transformations to be a little challenging 

(e.g. transforming a trapezoid into a rhombus) because of all the changes that must take 

place. Identifying these changes and performing the transformation is all part of making 

sense of the problem, which addresses MP1 of the Standards for Mathematical Practice. 

Also, by having the students share their transformations and the steps they took to perform 

their transformation with another students, they are able to assess different approaches of 

performing the transformations and identify any similarities in their approaches, “They can 

understand the approaches of others to solving complex problems and identify 

correspondences between different approaches” (CDE, 2014, p. 6). Finally, as the students 

assess their current quadrilateral and consider the quadrilateral that are try to transform 

their current quadrilateral into, they need to assess the local features of both (or structure) 

and determine any patterns in their features in order to know which sides to transform and 

how they should transform them, which addresses MP7 of the Standards for Mathematical 

Practice. 

 

 

 



ASSIGNMENT 3  8 

Level 3 – Deduction 

Activity 

I would have the students begin constructing proofs by having them analyze a 

particular geometric figure and identify information implied by this figure. For example, if 

the student was presented with a rhombus that had one of its diagonals drawn, then they 

would be able to identify congruent sides, corresponding angles, and congruent triangles 

implied by the rhombus.  I would also have them analyze a particular geometric figure in 

concert with information provided about the figure, in the “Given” section of the proof. 

Then, using this information, I would have the students create their own “If…, then” 

statements as a way of building their argument in the construction of the proof. 

Rationale 

Level 3 of the van Hiele model focuses on deduction and the ability to construct 

proofs based on logical reasoning and geometrical truth. According to Van de Walle et al. 

(2013, p. 406), “At level 3, students move from thinking about properties to reasoning or 

proving related to the properties…The student at this level is able to work with abstract 

statements about geometric properties and make conclusions based more on logic than 

intuition.” Having the students analyze and identify information implied by a geometric 

figure and write “If…then” statements about this information, prepares them for 

constructing proofs within an axiomatic system. As they write these statements about the 

geometric figure, they will begin to understand the relationship between these statements 

and the logical sequence necessary for constructing a proof.  
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MPS 

Part of the process of identifying information in the geometric figure and writing a 

statement (or deductive argument) about it relies on the students’ ability to reason 

abstractly and decontextualize. This addresses MP2 of the Standards for Mathematical 

Practice, which states that mathematically proficient students are able to decontextualize, 

or “to abstract a given situation and represent it symbolically and manipulate the representing symbols 

as if they have a life of their own” (CDE, 2014, p. 6). For example, the students might notice that two 

angles in the geometric figure are supplementary, so they could state that “If ∠𝐴𝐵𝐶 and ∠𝐶𝐵𝐷 are 

supplementary angles, then the sum of their measures must equal 180.” They could have also written 

this as “If ∠𝐴𝐵𝐶 and ∠𝐶𝐵𝐷 are supplementary angles, then by definition of Supplementary Angles, 

𝑚∠𝐴𝐵𝐶 + 𝑚∠𝐶𝐵𝐷 = 180.” Either way represents an abstraction (or decontextualization) of the 

information implied by the geometric figure. Also, writing statements in construction of a proof 

addresses MP3 of the Standards for Mathematics Practice, which states, “Mathematically proficient 

students understand and use stated assumptions, definitions, and previously established results in 

constructing arguments. They make conjectures and build a logical progression of statements to explore 

the truth of their conjectures” (CDE, 2014, p. 6). By writing each statement regarding the information 

implied in the geometric figure and building a logical progression with them, they are able to construct a 

proof based on logical reasoning and geometrical truth. 

Level 4 - Rigor 

Activity 

I would have the students compare quadrilaterals in Euclidean space with 

quadrilaterals in non-Euclidean space, evaluating both in terms of Euclid’s postulates. For 

example, they would compare a quadrilateral (e.g. a rectangle) represented in Euclidean 

space with a Lambert quadrilateral, which has three right angles. Likewise, they would 
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compare a quadrilateral (e.g. a rectangle) represented in Euclidean space with a Saccheri 

quadrilateral, which has two sides of equal length, two right angles, and two non-right 

angles of equal measure.  

Rationale 

Level 4 of the van Hiele model focuses on the different axiomatic systems and their 

relationship to each other, “At the highest level of the van Hiele hierarchy, the objects of 

thought are axiomatic systems themselves, not just the deductions within a system. There 

is an appreciation of the distinctions and relationships between different axiomatic 

systems” (Van de Walle et al., 2013, p. 406). Having the students compare the different 

ways that quadrilaterals could be constructed and described in different axiomatic systems 

(e.g. Euclidean and non-Euclidean space), allows them to see the relationships between 

these systems.  

MPS 

This activity requires the students to make sense of the problem by analyzing the 

different axiomatic systems and explore ways that quadrilaterals could be constructed in 

these systems. This addresses MP1 of the Standards for Mathematical Practice, which 

focuses on developing a student’s ability to make sense of problems. Also, this activity 

requires the students to analyze the structure of different representations of quadrilaterals 

and consider the implications of their structures in terms of their respective axiomatic 

systems, finding connections between the different systems. This addresses MP7 of the 

Standards for Mathematical Practice, which focuses on developing a student’s ability to 

analyze structures and discern a pattern in order to develop conceptual understanding of 

the relationships between these structures. 
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