
GRADE ONE - CONTENT STANDARD #6:  SPATIAL RELATIONSHIPS AND GEOMETRY




OVERVIEW

Geometry is more than definitions; it is about describing relationships and reasoning.  Geometry is all around us in art, nature, and the things we make and it is connected to every strand in the mathematics curriculum.

Spatial sense is an intuitive feel for shape and space.  It involves the concepts of traditional geometry, including an ability to recognize, visualize, represent, and transform geometric shapes.  It also involves other, less formal ways of looking at two- and three-dimensional space, such as paper folding, transformations, tessellations, and projections.  Insights and intuitions about two- and three-dimensional shapes and their characteristics, the interrelationships of shapes, and the effects of changes to shapes are important aspects of spatial sense.

Geometric modeling is a powerful problem-solving skill and should be used frequently by both teachers and students.  A simple diagram, such as a pie-shaped graph, a force diagram in physics, or a dot-and-line illustration of a network, can illuminate the essence of a problem and allow geometric intuition to aid in the approach to a solution.  Visualization skills and understanding of concepts will both improve as students are encouraged to make such models.

Geometry is a natural place for the development of students’ reasoning and justification skills, culminating in work with proof in the secondary grades.  Geometric modeling and spatial reasoning offer ways to interpret and describe physical environments and are important tools in problem solving.

Software which is aligned with this standard is listed in the appendix.

INSTRUCTIONAL FOCUS
In learning geometry, children need to investigate, experiment, and explore with everyday objects and other physical materials.  They need experiences that require them to visualize, draw, and compare shapes in various positions to develop their spatial sense.  Although a facility with the language of geometry is important, it should not be the focus of the geometry program but rather should grow naturally from exploration and experience.  Explorations should range from simple activities to challenging problem-solving situations that develop useful mathematical thinking skills.

In K-4, children need to explore patterns and relationships with models, blocks, geoboards, and graph paper to learn about the properties of shapes and sharpen their intuitions and awareness of spatial concepts.  Children’s geometric ideas are developed by having them sort and classify models of plane and solid figures, construct models from straws, make drawings, and create and manipulate shapes on a computer screen.  Folding paper cutouts or using mirrors to investigate lines of symmetry are other ways for children to observe figures in a variety of positions, become aware of their important properties, and compare and contrast them.  Students need a variety of related experiences to avoid developing simplistic and misleading ideas about shapes, such as that implied by one child’s observation, “This is an upside-down triangle.”

In grades 3-4, students continue to experiment with concrete materials, drawings and computers to discover properties of shapes and make generalizations like all squares have four equal sides.  They need to orally and in writing use the language of properties to describe shapes and to explain solutions for geometric problems.  They extend those shapes they can identify to include pentagons, octagons and the basic 3-D shapes.  They need opportunities to focus on the concepts of perimeter and area by exploring different ways of finding the perimeter of an object and develop non-formula-based strategies for finding the area of a figure.

In grades 5-8, students should have increased opportunities to engage in more systematic investigations.  The expanding logistical capabilities of students in grades 5-8 allow them to draw inferences and make logical deductions from geometric problem situations.

The teacher’s questioning techniques and language in directing students’ thinking are critical to the students’ development of an understanding of geometric relationships.  Students should be challenged to analyze their thought processes and explanations.  They should be allowed sufficient time to discuss the quality of their answers and to ponder such questions as, Could it be another way? What would happen if…?

Students should learn to use correct vocabulary, including some common terms as and, or, all, some, always, never, and if…then, to reason, as well as such words as parallel, perpendicular, and similar to describe.  Definitions should evolve from experiences in constructing, visualizing, drawing, and measuring two- and three-dimensional figures, relating properties to figures, and contrasting and classifying figures according to their properties.  Students who are asked to memorize a definition and a textbook example or two are unlikely to remember the term or its application.

The emphasis in grades 7 and 8 should be on investigating and using geometric ideas and relationships, not on memorizing definitions and formulas.  In their general classroom activity, students should use a variety of concrete materials to model and analyze situations in two- and three-dimensions.  They should use drawings that they make, either by hand or with the aid of a computer, to further examine geometric situations or to record what they have done.

At the 9-12 level, students continue to develop their understanding of spatial relationships.  They need opportunities to construct models from two-dimensional representations of objects, interpret two- and three-dimensional representations of geometric objects, and construct two-dimensional representations of actual objects.

Students formalize their understanding of properties of geometric figures, using known properties to deduce new relationships.  Specific figures which are studied include polygons, circles, prisms, cylinders, pyramids, cones, and spheres.  Properties considered should include congruence, similarity, symmetry, measures of angles (especially special relationships such as supplementary and complementary angles), parallelism, and perpendicularity.

The geometry of measurement is extended in the high school grades to include formalizing procedures for finding perimeters, circumferences, areas, volumes, and surface areas, and solving indirect measurement problems using trigonometric ratios.  Students should also use trigonometric functions to model periodic phenomena, establishing an important connection between geometry and algebra.

Students should use a variety of geometric representations in geometric modeling at these grade levels, such as graphs of algebraic functions on coordinate grids, networks composed of vertices and edges, vectors, transformations, and right triangles to solve problems involving trigonometry.  They also explore and analyze further the patterns produced by geometric change.

Deductive reasoning takes on an increasingly important role in the high school years.  Students use inductive reasoning as they look for patterns and make conjectures; they use deductive reasoning to justify their conjectures and present reasonable explanations.

Applications of geometric concepts have changed dramatically over the last twenty years, primarily due to rapid advances in technology.  Geometry has, in fact, become more important to students because of computer graphics.  Thus, students need a variety of experiences with calculators and computers as appropriate and necessary tools in learning geometry.

All objectives addressed in this standard are working toward/aligned with state and national standards.  Alignment is indicated using a code that reflects the document from which it came.  Each document has its own code.

· Scope & Sequence Objectives 
1-7

· CT Frameworks


MA4:1, 2, …MA4:10

· CT Mastery Test


CMT3 & CMT4

· NCTM Standards 2000

NCTM A.1-3, B.1-3, C.1-2, D.1-4

· CAPT



Not applicable for Grade 1

· MPEG Trace Map




The alignment for all objectives for Grade 1 in this standard are summarized on the following page.

Students will analyze and use spatial relationships and basic concepts of geometry to construct, draw, describe and compare geometric models and their transformations, and use geometric relationships and patterns to solve problems.
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Where Learning Comes to Life





Students will:

1. Recognize, name, build, draw and sort two- and three-dimensional shapes and objects.

2. Solve tessellation problems by filling a region with concrete objects in one or more ways. 

3. Use a variety of concrete objects to create and copy two- and three-D designs from visual memory.

4. Name relative position, direction, and location with simple relationships such as "above/below" and

"near to".

5. Create designs that have a line of symmetry. 

6. Identify shapes that are the same even when flipped or turned. 


CT Frameworks [MA4:6]
NCTM (PreK-2)

#3 Geometry



a) Describe, model, draw and classify shapes.

b) Investigate and predict the results of combining, subdividing and

    changing shapes.

c) Identify and use geometric shapes in various orientations, including 

    rotations, reflections and translations.

d) Use real-life experiences, concrete objects and technology to 

     explore and understand properties of 2- and 3-dimensional 

     geometric shapes.

e) Explore relationships among and properties of shapes, such as

    congruence, similarity and symmetry. 
A. Analyze characteristics and properties of two- and three-dimensional geometric shapes and develop mathematical arguments about geometric relationships.

1. Recognize, name, build, draw, compare, and sort two- and three-

             dimensional shapes.

       3.  Investigate and predict the results of putting together and taking apart

            two- and three-dimensional shapes.

B. Specify locations and describe spatial relationships using coordinate geometry and other representational systems.

1. Describe, name, and interpret relative positions in space and apply ideas about relative position.

3. Find and name locations with simple relationships such as "near to" and in coordinate systems such as maps.

C. Apply transformations and use symmetry to analyze mathematical situations.

1. Recognize and apply slides, flips, and turns.

2. Recognize and create shapes that have symmetry.

D.   Use visualization, spatial reasoning, and geometric modeling to solve 

       problems.

1. Create mental images and geometric shapes using spatial memory and spatial visualization.



CMT Grade 3


CMT Grade 4

17. Identify and draw simple geometric figures (circle, square,

      triangle, and rectangle.

18. Not tested at Grade 3.

25. Solve extended numerical and statistical problems.
17a. Identify geometric shapes and figures including the number of 

        angles and sides of polygons.

17b. Draw geometric shapes and figures.

18. Not tested at Grade 4.

25.   Solve extended numerical and statistical problems.

Obj.
Sample Activities 

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

6.1

7.2
A. String Shapes 
Students work in  groups and use yarn to explore attributes of triangles.  The class creates a graph with the recorded results.

[Source: Lynne McCune & Denise O’Leary]                                      [See page A.84]                                                                                           



MA4:6a, d

MA4:7b



3
B. Match Mine
Using geoboards, one student will make any shape.  Their partner will describe and identify the shape and copy it on their geoboard.  Students show a different shape and hide it.   Partner recreates it on his/her geoboard from visual memory.

[Source: Lynne McCune & Denise O’Leary]



MA4:6a, c



1
C. Geoboard Sort
Have students use one band and make any design.  Student describes it to a partner.  In a large group, students describe their design and find shapes in the classroom that are similar to their own and explain why.

Extension:  Sort geoboards using Venn diagram focusing on attributes of geometric shapes.

[Source: Lynne McCune & Denise O’Leary]



MA4:6a



1
D. Investigating Solids
Set up an inclined plane using wood and a book or a raised table.  Using geometric solids, predict if the solid will roll or slide down the plane.  Try rolling again.  Predict how far the solid will roll and tell why.  Measure the distance in inches.

[Source: Lynne McCune & Denise O’Leary]



MA4:6a



Obj.
Sample Activities (Continued)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

6.1

6.6

10.1

10.4
E. Scavenger Hunt 

Identify 6 areas in the room as "hunting areas".  Make one of the designated areas a multicultural art work bulletin board.  Pairs search each area for examples of geometric shapes they have learned about.

Each pair selects one shape they have found.  They write a description and a set of directions that will help another pair find their shape.  Directions are collected and randomly distributed.  

Debrief with students to determine what made a good description and set of directions.  Ask them how they could improve their work next time, even when they did a good job.



MA4:6a

MA4:10a,e



2
F. Tessellations

Using same shape pattern blocks, students are to connect all the blocks without leaving any spaces between.  Using 2 different shape blocks, connect the blocks in a repeating pattern without leaving spaces.  Have students look in their environment for tessellations (flooring, ceiling blocks, brick work, wallpaper, chain link fence, clothing).



MA4:6b,c,d



1
G. GEO VOCABULARY

Compare and sort building blocks, identifying their similarities and differences using vocabulary of corner, face and edge where appropriate.


MA4:6d



Obj.
Sample Extended Lesson(s)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

1,4
A. Classroom Model
Use two- and three-dimensional shapes to build a model of the classroom.  Students discuss in groups which blocks and shapes should represent items such as desks and file cabinets.  They describe their models to the class, explaining their choices.

[Source:  Principles & Standards for School Mathematics, NCTM 2000 p. 99] Permission Granted



MA4:6d



4,6
B. Slides, Flips, and Turns 
Using stuffed animals or action figures, students demonstrate slides, flips, and turns.  Discuss how position changes from a point of reference.  Have children lie on the floor and ask them to demonstrate slides, flips, and turns.  Discuss how position changes with each move.  Relative to the starting point, explore how puzzle pieces can be turned or slid.  Ask questions such as:

1. Does the animal change size or change shape?

2. Do you see something different when the animal slides, flips, turns?

[Source: Denise O’Leary, Lynne McCune]



MA4:6c



3,4
C. PATTERN BLOCK PUZZLES

Overview: In this problem, children create pattern block puzzles for their classmates to solve.  First, they work only with materials.  Then, they record their solutions with pictures and/or words.  Allow at least two extended math periods for the children to solve the problem.

Description: It is helpful to begin this lesson with a book that describes different shapes.  Two possible suggestions are Tatum’s Favorite Shape by Dorothy Thole or The Shapes Game by Paul Rogers.  After you read the book, discuss how riddles or word puzzles can be used to describe shapes.  Play an “I Spy” 

game with the children describing various geometric shapes in the classroom.  (For example, “I spy a 

large rectangle hanging on the wall” or “I spy a small plastic rectangle near the door.”)

[Source: Posing Open-Ended Questions in the Primary Classroom, Teaching Resource Center, pages 89-94] Permission Granted 






                    [See pages 85-90]



MA4:6a,c,d

MA4:10e



Obj.
Sample Informal Assessment(s)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

1
A. Design Time
Periodically provide time for open-ended use of manipulatives and circulate among students asking questions such as:

1. Which is your favorite shape?

2. How is your favorite the same as and different from other shapes?

3. "Name a shape" that is yellow, has four sides, looks like a wheel, …



MA4:6a, e



2
B. Placemat Design

Design a placemat with tessellating shapes.



MA4:6c

















Obj.
Sample Formal Assessment(s)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4
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