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Introduction

The Helping Students Understand Math Series will introduce students in middle school 

through high school to the topics of Pre-Algebra, Algebra I, Algebra II, and Geometry. All of 

the worktexts will be aligned with the National Council of Teachers of Mathematics (NCTM) 

Principles and Standards for School Mathematics.

This series is written for classroom teachers, parents, families, and students. The worktexts 

in this series can be used as a full unit of study or as individual lessons to supplement textbooks 

or curriculum programs. Parents and students can use this series as an enhancement to what 

is being done in the classroom or as a tutorial at home. All students will benefit from these 

activities, but the series was designed with the struggling math student in mind. The concepts 

and explanations for the concepts are described in simple step-by-step instructions with 

examples in the introduction of each lesson. Students will be given practice problems using 

the concepts introduced and descriptions of real-life applications of the concepts.

According to the Mathematics Education Trust and the NCTM, new technologies require 

that the fundamentals of algebra and algebraic thinking should be a part of the background for 

all citizens. These technologies also provide opportunities to generate numerical examples, 

graph data, analyze patterns, and make generalizations. An understanding of algebra is 

also important because business and industry require higher levels of thinking and problem 

solving. NCTM also suggests that understanding geometry, including the characteristics and 

properties of two- and three-dimensional shapes, spatial relationships, symmetry, and the use 

of visualization and spatial reasoning, can also be used in solving problems.

NCTM Standards suggest content and vocabulary are necessary, but of equal importance 

are the processes of mathematics. The process skills described in the Standards include: 

problem solving, reasoning, communication, and connections. The worktexts in the series will 

address both the content and the processes of algebra and geometry and algebraic thinking. 

This worktext, Helping Students Understand Geometry, will help students understand the basic 

concepts of geometry. 

Introduction



15

Helping Students Understand Geometry

© Mark Twain Media, Inc., Publishers

Chapter 1: Introduction to Geometry

Introduction to the Concepts of Geometry

 Geometry is a branch of mathematics that studies the sizes and shapes of objects.  The 
word geometry means earth (geo) measure (metry). The study of geometry explores shapes, 
their properties, and relationships. Geometry is also the study of patterns, finding similarities, 
and optical illusions.  Skills learned in algebra will help with your study of geometry. In geometry 
you will be solving equations, making graphs, and problem solving like you did in algebra. The 
first section of this worktext will introduce you to the concepts of geometry. 

Concepts of Geometry

Shapes

Congruence and Similarity

Symmetry

Line or Reflection Symmetry

Rotation

Translation

Glide Reflection 

Explanations of the Concepts of Geometry

Shapes

Studying the characteristics or attributes of objects is an important part of studying 
geometry. In how many ways can the objects below be grouped?

 

 These objects could be grouped by number of sides or by shape.

1

A

B

C

D

2

3

Chapter 1: Introduction to Geometry

1
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Chapter 1: Introduction to Geometry

 Polygons have names determined by the number of sides: triangles have three sides, 
quadrilaterals have four sides, pentagons have five sides, hexagons have six sides, and 
octagons have eight sides.
 The polygons on the previous page are in one plane, or surface. Objects can also be 
solid, three-dimensional, and in more than one plane. Notice the differences among the objects 
below and the ones on the previous page. The objects below have depth as well as length and 
width. 

Congruence and Similarity

 Two figures are congruent if they have the same shape and the same size. Figures can 
be congruent without having the same orientation.  

Examples of congruent objects:  

Chapter 1: Introduction to Geometry

2
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Chapter 1: Introduction to Geometry (cont.)

Examples of objects that are not congruent:

 Geometric figures are similar if the figures have the same shape. They may or may not 
have the same size.  

Examples of similar figures: 

Examples of figures that are not similar:

Symmetry

Line or Reflection Symmetry
 If a figure can be divided into two parts, each of which is a mirror image of the other, 
it has line symmetry, or reflection symmetry. Symmetry is found in nature. A picture of an 
animal’s face demonstrates line symmetry, and a spider’s body shows line symmetry.  

Chapter 1: Introduction to Geometry

3

A
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 Symmetry can also be found in non-living things. The pictures below show line symmetry.   
The windmill structure shows line symmetry, and the blades show both line and rotational 
symmetry. The white chess piece shows line symmetry down the center.

 A figure in a plane has a line of symmetry if it can be mapped onto itself by a reflection. 
The star below has vertical symmetry because a vertical line can be drawn, and the star can 
be folded in so all of the points overlap, or a mirror can be put on the line, and it will reflect the 
rest of the star. The star also has four other lines of symmetry. The circle below has vertical and 
horizontal symmetry as well as other lines of symmetry because it can be folded or reflected 
on itself from the vertical line or the horizontal line. The smiley face has vertical symmetry.

Chapter 1: Introduction to Geometry (cont.)

Chapter 1: Introduction to Geometry
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       Rotation
 A figure has 180° rotational symmetry if the figure can be mapped onto itself by a 
rotation of 180°.  For example, the diamond shown below has rotational symmetry. If you 
rotate it 180° clockwise around its center, the resulting figure coincides with the original 
figure. Note that there can be other rotational numbers. For example, an equilateral 
triangle has 120° rotational symmetry, and a square has 90° rotational symmetry.

      Translation 

 Translational symmetry is created when an object is moved without rotating or reflecting it. 

      Glide Reflection
 Glide reflection symmetry is a transformation that consists of a translation by a vector 
followed by a reflection in a line that is parallel to the vector.
  

C

D

B

Chapter 1: Introduction to Geometry (cont.)

Chapter 1: Introduction to Geometry

Top

Bottom

Top

Bottom
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Name:   Date: 

                        
Practice Problems for Geometry

  1.   Directions: Sort these objects into groups based on shape. Connect the objects that are 
in the same category with a line.

 Explain how you grouped these objects. What were the different categories of shapes?

   2. Which of these figures are congruent?

    A.      B.                        C.

Chapter 1: Introduction to Geometry (cont.)

Chapter 1: Introduction to Geometry

a.  

b.  

c.  d.  
e.  

f.  g.  
h.  i.  

j.  

k.  l.  m.  

n.  

o.  

p.  q.  
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Name:   Date: 

  3.   Which of these figures are similar?

   A.          B.      C.

Directions: In questions 4–6, divide the shaded region into two congruent parts.

  4.          5.              6. 

  7. Starting with a square piece of paper, try to divide the paper into four squares, six squares, 
seven squares, eight squares, nine squares, and ten squares. Not all of the squares need 
to be congruent.

  8.   Which figures have 180° rotational symmetry?

A.                         B.                         C.                           D.                       E.

  9.   Which figure has horizontal symmetry? Which has vertical symmetry?

A.     B. 

10.   Does this object have symmetry? Explain.

Chapter 1: Introduction to Geometry (cont.)

Chapter 1: Introduction to Geometry



22

Helping Students Understand Geometry

© Mark Twain Media, Inc., Publishers

Summary of Introduction to Geometry

 The study of geometry explores shapes, their properties, and relationships. Studying 
the characteristics or attributes of objects is an important part of studying geometry.
 Polygons have names determined by the number of sides: triangles have three sides, 
quadrilaterals have four sides, pentagons have five sides, hexagons have six sides, and 
octagons have eight sides.
 Two figures are congruent if they have the same shape and the same size. Figures can 
be congruent without having the same orientation. Geometric figures are similar if the figures 
have the same shape. They may or may not be the same size.  
 If a figure can be divided into two parts, each of which is a mirror image of the other, 
then it has line symmetry, or reflection symmetry. A figure in a plane has a line of symmetry if 
it can be mapped onto itself by a reflection. A figure has 180° rotational symmetry if the figure 
can be mapped onto itself by a rotation of 180°. Figures can also have rotational symmetry 
of 120°, 90°, etc. Translational symmetry is created when an object is moved without rotating 
or reflecting it. Glide reflection symmetry is a transformation that consists of a translation by a 
vector followed by a reflection in a line that is parallel to the vector.

Tips to Remember for Geometry

 The study of geometry is often about motion, change, and similarity. When working with 
geometry, think about the following questions. 

• How are these objects the same? How are these objects different?
 • How can I change the object’s position with symmetry moves from one location to 

another?
 • How can I partition the geometric figure into different shapes?
 • What relationship will I need to see to understand more about the shape?

Real Life Applications of Geometry

Scientists use classification systems to group different kinds of animals. The groups are 
created by the plant or animal’s characteristics or attributes. The classification of living things is 
based on these groups: kingdom, phylum, class, order, genus, and species.  

Factories use congruent objects when they are mass-producing parts for cars and other 
machinery, and the parts must be exactly the same for each machine.

Chapter 1: Introduction to Geometry (cont.)

Chapter 1: Introduction to Geometry
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Chapter 1: Introduction to Geometry (cont.)

Geometry is used to study patterns in chromosome structure and in living and non-living 
things. It is also used in interior design and making scale objects. Engineers use geometry to 
design and construct support structures in buildings and highways. Pilots of boats, planes, and 
spaceships use geometry to navigate. Armed forces need to know geometry to navigate and 
to fire missiles and guns. Geometry is used in putting in shelves, to figure out how much gravel 
is needed for a road, or for making patterns for clothes.

Symmetry is found in nature and many objects that are in the world. Symmetry in our 
natural world is found in snowflakes, flowers, and animals. Symmetry in non-living things can 
be found in sink drains, car wheels, quilt patterns, capital letters of the alphabet, inkblots, rugs, 
religious symbols, and wallpaper.

Chapter 1: Introduction to Geometry
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Chapter 1: Introduction to Geometry: Practice 
(pages 20–22)

1.  Answers will vary. One way to sort is by number of 
sides. 

2. A, C
3. A, B
4, 5, 6.  Answers may vary. Possible answers shown.
4.     5.   6.

7.   Starting with a square piece of paper try to divide the 
paper into four squares, six squares, seven squares, 
eight squares, nine squares and ten squares. Not 
all the squares need to be congruent.

8. C
9. A. vertical  B. horizontal and vertical

10. The object without the pictures could have 120° 
rotational symmetry, but the designs are not the 
same on the arrows. 

Chapter 2: Coordinate and Non-Coordinate 
Geometry: Practice (pages 33–36)

1. (6, 4) and (-2, 6)

(  6 + (-2)  
,
  4 + 6 )

2              2

 ( $s , Aw: ) = (2, 5)

2.  (-3, -3) and (5, 5)

(  -3 + 5  
,
  -3 + 5  )

2             2

 ( @s , @s ) = (1, 1)

3.  (3, -2) and (5, 12)

(  3 + 5  
,
  -2 + 12 )

2             2

 (*s , Aw: ) = (4, 5)

Answer Keys

  4.  (2, 8) and (2, 3)
 (  2 + 2  

,
  8 + 3 )

         2          2

 ($s , AwA ) = (2, 5.5)

  5.  (3, 0) and (0, -2)
 0 – (-2)
   3 – 0

 The slope is @d

  6.  (-5, 1) and (5, -1) 
 1 – (-1)
 -5 – 5
 The slope is -!g

  7. (0, 0) and (5, 3) 
 3 – 0
 5 – 0
 The slope is #g

  8.  AB goes through A (-2, 1) and B (1, 2).
 

m =
   1 – 2  

=
  -1  

=
  1

         -2 – 1      -3      3
 CD goes through C (-1, 3) and D (0, 0).
 

m =
   3 – 0  

=
  3  

= -3
          -1 – 0     -1
  AB and CD are perpendicular; the 

slopes are negative reciprocals.

  9. EF goes through E (-2, 1) ,and F (1, 2).
 

m =
   1 – 2  

=
  -1  

=
  1

         -2 – 1      -3      3
 GH goes through G (2, 1) and H (5, 2).   
 

m =
  1 – 2  

=
  -1  

=
  1

         2 – 5      -3      3
 The lines are parallel; the slopes 

are equal.

 

Answer Keys

↔

↔

↔ ↔

↔

↔

-!g




