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Intermediate Level Measurement 
 

 

Unit Overview 
 

This unit provides students with the opportunity to measure various objects and 
use their data to determine area, volume, radius, diameter, and density.  They 
will use Math rulers, protractors, and Vernier Calipers to make their 
measurements rounding to four different scales.  They will measure the radius 
and diameter of a cylinder and use Pi to calculate the area of various cylindrical 
objects. Students will measure the circumference and determine the surface area 
of a sphere and using the thickness of the wall of a hollow sphere, determine the 
volume inside the sphere as well.  The mathematical skills emphasized in 
Intermediate Level Measurement are measuring, collecting data, and calculating 
for volume, area, and density.  
 
 

Scheduling 
 

This unit may take from a day if you choose to use only one of the measurement  
activities to the entire year to complete depending upon the goals of the  
teacher and the interests of the students.  
 
Materials to be 
obtained locally: Please make one student activity book for each student. 
 water  
 chart paper 
 felt tip markers 
 calculator 
 8.5 x 11 white paper 
 

About the Format 
 

Each learning experience is numbered and titled.  Under each title is the 
objective for the learning experience. 
 

Each learning experience page has two columns.  The column on the left side of 
the page lists materials, preparations, basic skill processes, an evaluation 
strategy, and vocabulary.  The evaluation strategy is for the teacher to use when 
judging the student’s understanding of the learning experience. 
 

The right column begins with a “Focus Question” which is typed in italicized print.  
The purpose of the “Focus Question” is to guide the teacher’s instruction toward 
the main idea of the learning experience.  The “Focus Question” is not to be 
answered by the students.  The learning experience includes directions for 
students, illustrations, and discussion questions.  These discussion questions 
can be used as a basis for class interaction.  
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Background Information 
 
A prism is a three-dimensional figure that has two (2) congruent and parallel 
faces called bases, which are polygons.  The shape of bases is used to identify 
the type of prism.  The space occupied by a prism is its volume.  Volume is 
measured in cubic units.  The circumference of a circle is about 3x as large as its 
diameter.  The exact factor is π (Pi).  We write this as C= π x d. 
 
 
 
 
 
 
 
 
 
 
 
Perimeter 
 
Perimeter is the linear distance around an object or figure. Also it is the boundary 
of a closed plane figure. 
 
Area 
 
Area is the surface included within a set of lines; specifically: the number of 
square units (e.g., square inches, square centimeters) a figure contains. The 
square units used to measure area are often based on multiplying units of length 
and width. 
 
Volume 
 
Volume is the amount of space occupied by a three-dimensional object as 
measured in cubic units (e.g., cubic inches, cubic centimeters, liters). The cubic 
units used to measure volume are often based on multiplying units of length, 
width, and height. 
 
Vernier Calipers 
 
The Vernier calipers are used to make accurate measurements of both “outside” 
and “inside” dimensions of objects by using both fixed scales and a Vernier scale 
on a sliding piece. 
  
The Vernier Calipers consist of a “ruler” with fixed scale(s) etched on it and a 
fixed “jaw” at one end. The other part is a slider with a “jaw” and a viewing 
window (with Vernier scale). The Vernier scale (Pierre Vernier 1580-1637) allows 
an accurate reading to be made to one tenth of the smallest division of a fixed 
ruler. As an example, if you have a scale in centimeters with ten divisions per 

 
Diameter 

Radius 
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centimeter (i.e. millimeters), then by using a Vernier scale you can make an 
accurate measurement to 1/10th of a millimeter. 
  
Hold the Vernier calipers in your right hand with the “window” on the slider facing 
you and the side of the adjusting guide under your thumb. To make an outside 
measurement, hold the object to be measured in your left hand, open the “jaws” 
of the Vernier Calipers until they are a bit wider than the object to be measured. 
This is done by moving the adjusting guide with your thumb. Note: When the 
jaws are opened, a thin metal guide is extended from the end of the Vernier 
Calipers. This can cause injury! Use caution! 
  
Next place the object to be measured between the jaws and slide the jaw until it 
firmly clamps the object. You can hold the Vernier Calipers firmly and then 
carefully remove the object from between the jaws to make your reading. 
  
Look at the position of the Vernier scale in relation to the fixed scale as seen in 
the window of the slide. The measurement will be the total of that part of the fixed 
scale to the left of the Vernier scale plus that number of divisions of the Vernier 
scale that are to the left of the position where the two scales most nearly line up. 
This number is expressed as a decimal. See example below. 
 
1) Take a "zero reading". In theory, the Vernier Calipers should be perfectly 
calibrated. In reality, they usually are not. With the jaws totally closed, measure 
how far apart the first lines on the top and the bottom scale are. You will have to 
add or subtract this from the measurement you get at the end.  
 
(2) Place the jaws around the thing that you want to measure and close them 
tightly. The distance between the jaws is the distance that you are trying to find.  
 
(3) Read the measurement. Now measure the distance between the first lines on 
the top and bottom scale again. Add or subtract out what you got in step (1) and 
you will find out how far the bottom scale moved when you spread it open around 
the object. This distance is the width of the object. 

Notice that the value for the upper scale is determined by where the 0 on the 
lower scale lines up with the upper scale and the number on the lower scale is 
determined by finding which mark on the lower scale best lines up with ANY 
mark on the upper scale.  
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Learning Experience 1: Getting Started 
 
Objective: Students will examine the measurement tools provided in the kit  
                   and review how to use each tool. 
 

Students may have been exposed to or 
have used the variety of measurement 
tools in this unit. In this learning 
experience, students are to review how 
to use these tools.  This is especially 
important due to the fact that they use 
these measurement tools throughout 
this unit.   
 
Students are to be familiar with the four 
(4) measurement scales on the math 
ruler: metric millimeters, centimeters, 
1/10 in, and 1/16 in.  Choose one of the 
objects in the measurement sample box 
(ex. the wooden domino) and measure 
the various sides of the object using 
each scale on the math ruler.  Chart the 
measurements found by student groups 
and compare.  If there is one scale that 
students have difficulty using, a mini-
lesson on that scale may be required. 

 
To review how to use the protractor, ask 
students to draw various angles on 
paper.  Student groups can then 
measure the angles they have drawn.  
Then have groups switch paper with 
their angles drawn on it and have a 
second group measure each angle.  If 
there is a discrepancy between 
measurements, have groups measure 
the angles again and find the correct 
measurement. 
 
Add water to the graduated cylinder and 
determine the volume.  Ask the students 
find the measurement of the volume of 
water in the cylinder and write it down.  
Compare results with the class.  Change 
the volume of water and then have the 
students measure it again.  Continue  

Materials: 
For each group of three 
students: 
Measurement sample box 
Math ruler 
Protractor 
Vernier Caliper 
Water* 
8.5 x 11 white paper* 
 
For the class: 
250 mL graduated cylinder 
Balance stand 
Pin for balance 
2 baskets for balance 
Balance base 
Balance arm 
2 paperclips 
Modeling clay 
Gram centimeter cubes 
Chart paper* 
Markers* 
 
*provided by teacher 
 
Preparation: 
Provide measurement tools in the 
kit for each group of three 
students.  Provide the Vernier 
Calipers when you choose. 
 
Evaluation Strategy: 
Students will use each 
measurement tool with accuracy 
to measure various objects 
provided. 
 
Vocabulary: 
measurement 
centimeter 
inch 
diameter 
Vernier Caliper 
metric 
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Learning Experience 1 continued 
Page 2 
 
until you are confident the students understand how to measure for the correct 
volume. The double pan balance can be set-up and shown as a class 
demonstration.  Find the mass of a few of the objects in the measurement 
sample box using the gram cubes.   

 
The Vernier Caliper may be the tool that students are least familiar with.  A 
demonstration can be done for students to show them how the Vernier Caliper 
can be used to measure the exterior diameter, interior diameter, and depth of an 
object.  In Learning Experience #7, students learn to use the Vernier Calipers in 
a more in-depth experience. 
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Learning Experience 2: Cube and Rectangular  
     Prisms 
 

Objective: Students will use the math ruler provided in the kit to find  
                  various measurements of the cube and rectangular prisms in the  
                  measurement sample box. 
 
 

Students should be directed to make a 
variety of measurements of the cube 
and two rectangular prisms from the 
measurement sample box.  Students will 
use their math ruler to find the length, 
width, and height of each object.  Then 
students find the volume of these items 
using the formula V=ABh.  Remind 
students that the “AB” in the formula 
indicates the area of the base.   

 
Students then find the surface area of 
the objects and complete the charts on 
pages 3-6 on the activity sheets for 
Learning Experience #2 in the 
Intermediate Level Measurement 
Student Activity Book.   

 
 
 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Math ruler 
Calculator* 
 
*provided by teacher/student 
 
Preparation: 
A mini-lesson on measuring 
length, width, height, volume, and 
surface area of an object may 
assist students in completing this 
learning experience. Several 
questions in the Student Activity 
Book provide a checklist for 
students to mark which scale on 
the math ruler they are to use.  
Choose the measurement scales 
students are to use prior to them 
completing those questions. 
 
Evaluation Strategy: 
Students will use the math ruler to 
find accurately measurements of 
the cube and rectangular prism. 
 
Vocabulary: 
cube 
rectangular prism 
volume 
surface area 
metric 
area 
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Learning Experience 3: Cylinders 
 
Objective: Students will find the height, diameter, volume, and surface area  
                   for the cylinders provided using the math ruler. 
 
 

Students are to use the math ruler to 
find the height and diameter of both the 
smaller and larger wood cylinders in the 
measurement sample box.   
 
Before finding the volume and surface 
area of each cylinder, students are to 
use the cylinder to find the value for π.  
To do this, students measure the 
diameter of the cylinder and find the 
circumference of the cylinder.  
Circumference can be found by rolling 
the cylinder one revolution from the zero 
point on the ruler.  A piece of paper can 
also be wrapped around the 
circumference until the ends touch, and 
the length of the paper can be 
measured. Students are to use the π 
found for each cylinder in the surface 
area and volume formulas.  All data is to 
be recorded in the tables provided on 
the activity sheets for Learning 
Experience #3 in the Intermediate Level 
Measurement Student Activity Book. 
 
To challenge students, find the volume 
of the washer provided in the 
measurement sample box.  Students 
find the volume by finding the area of 
outer circle and subtract the area of 
smaller circle then multiply the 
difference by the height. Once students 
find the volume of the washer, the 
volume of the small and large tubes 
provided in the measurement sample 
box can be found using similar 
calculations. 
 

 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Math ruler 
8.5 x 11 white paper* 
 
*provided by teacher 
 
Preparation: 
Several questions on the activity 
sheet provide a checklist for 
students to mark which scale on 
the math ruler they are to use.  
Choose the measurement scales 
students are to use prior to them 
completing those questions. 
 
Evaluation Strategy: 
Students will use the math ruler in 
a particular scale to find accurate 
measurements of the height, 
diameter, volume, and surface 
area for cylinders provided. 
 
Vocabulary: 
height 
diameter 
cylinder 
circle 
radius 
π (pi) 
surface area 
volume 
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Learning Experience 4: Spheres 
 
Objective: Students will use the math ruler to find the diameter, radius, and  

circumference of the spheres in the measurement sample box 
and use the formulas to find the surface area of the spheres. 

 
 

Students are to use the math ruler 
provided in the kit to find the diameter, 
radius, and circumference of the marble 
and ping-pong ball provided in the 
measurement sample box.  Students 
then use the formula 2 π r2 to find the 
surface area for each sphere. Using the 
formula 4/3 π r3, students find the 
volume of the spheres.  Students then 
focus on the ping pong ball.  To find the 
volume of the air inside the ball, we 
must first subtract the thickness of the 
plastic from the ball’s diameter. (The 
half ping pong ball is provided for a 
closer look at the thickness.   

Plastic= .5 mm thickness 
We multiply .5 by 2 because we must 
account for both sides of the ball.  If 
using the centimeter scale, the  
Diameter = 3.5 – 1 mm = 3.4  
Radius = 3.4 + 2 = 1.7 (use this in 
volume formula) All data is to be 
recorded in the tables provided on the 
activity sheet for Learning Experience 
#4 in the Intermediate Level 
Measurement Student Activity Book. 
 
To find the volume of the plastic, 
students would subtract the volume of 
the ball from the volume of the air. 
 
Ideally, to measure these objects, the 
Vernier Calipers would provide the most 
accurate measurement.  However, 
students will not discover this until 
Learning Experience #7 when Vernier 
Calipers are used in-depth.  The 
measurements completed in this 
learning experience will be redone with 
the Vernier Calipers. 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Vernier Caliper 
Calculator* 
 
*provided by teacher/student 
 
Preparation: 
A mini-lesson on diameter, 
radius, and circumference of a 
circle may assist students in 
completing this learning 
experience. Several questions on 
the activity sheet provide a 
checklist for students to mark 
which scale on the math ruler 
they are to use.  Choose the 
measurement scales students are 
to use prior to them completing 
those questions. 
 
Evaluation Strategy: 
Students will use the math ruler in 
a particular scale to find the 
accurate measurements of the 
diameter, radius, and 
circumference of the spheres 
provided. 
 
Vocabulary: 
sphere  volume 
Vernier Caliper customary 
diameter  metric 
radius   surface area 
circumference π (pi) 
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Learning Experience 5: Pyramids and Cones 
 
Objective: Students will use the formula 1/3 ABh to find the volume of the  
                  cone and pyramid in measurement sample box. 
 
 

Students are to find the volume of the 
pyramid and cone provided in the 
measurement sample box.  The same 
formula is used to find the volume for 
each: V=1/3 ABh.  Remember: the “AB” = 
area of base. 

 
To find the area of the cone’s base, use 
the formula: π r2 

 

To find the area of the pyramid’s base, 
use the formula: A=l x h or (s2). 
 
All data is to be recorded in the tables 
provided on the activity sheet for 
Learning Experience #5 in the 
Intermediate Level Measurement 
Student Activity Book. 
 

 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Math ruler 
 
Preparation: 
Decide what scale on the math 
ruler will be used by students to 
find the measurements of the 
cylinders.  Students will record 
the measurement scale they are 
using on the top of their activity 
sheet for this learning experience.
 
Evaluation Strategy: 
Students will use the math ruler to 
find accurate measurements of 
the pyramid and cone and use 
these measurements in the 
formula to find the volume of 
these objects. 
 
Vocabulary: 
volume 
cone 
pyramid 
π (pi) 
radius 
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Learning Experience 6: Triangular Prisms 
 
Objective: Students will use the math ruler and protractor to find various  
                  measurements of right isosceles triangle, right triangle, and   
                  isosceles triangle.  
 
 

In the measurement sample box, there 
are three different triangles: right 
triangle, right isosceles triangle, and 
equilateral triangle.  Students are to use 
the math ruler to find the length of the 
sides of the triangle labeled as a, b, and 
c in the diagram. The Pythagorean 
theorem is then used to calculate c and 
answers are compared.  Students then 
find the perimeter and area for each 
triangle.  To find the measurement of 
the angles, students are to follow the 
directions on the activity sheet for 
Learning Experience #6, which shows 
how to fold paper to recreate the triangle 
so the angles of each type of can be 
measured with the protractors provided.    

       
All data is to be recorded on the tables 
provided on the activity sheets for 
Learning Experience #6 in the 
Intermediate Level Measurement 
Student Activity Book. 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Math ruler 
Protractor 
8.5 x 11 white paper* 
Calculator* 
 
*provided by teacher/student 
 
Preparation: 
Provide models for students of 
paper folded triangles. 
 
Evaluation Strategy: 
Students will use the math ruler 
and protractor to find accurate 
measurements of the right, right 
isosceles, equilateral triangles. 
 
Vocabulary: 
right triangle 
right isosceles triangle 
equilateral triangle 
protractor 
angle 
sum 
Pythagorean theorem 
perimeter 
area 
volume 
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Learning Experience 7: Vernier Calipers 
 

Objective: Students will accurately use the Vernier Calipers to measure the  
                  length, width, height and/or diameter of the various objects  
                  provided and use the measurements to find the volume of each          
                  object. 
 

In this learning experience, students will 
learn how to use the Vernier Calipers to 
measure the objects in the 
measurement sample box.  Students 
have already found various 
measurements of these objects with a 
math ruler. However, using the Vernier 
Calipers will result in a more specific, 
accurate measurement.  This is 
especially true for the spherical objects. 
 
Directions for using the Vernier Calipers 
are provided on the activity sheets for 
Learning Experience #7 in the 
Intermediate Level Measurement 
Student Activity Book. Students may 
need some practice using this tool 
before making final measurements. The 
pictures below show the many ways the 
Vernier Calipers can be used. In this 
activity, students will be instructed on 
how to use the metric scale on the 
Vernier Calipers.  

 
 

 

 

 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Vernier Caliper 
 
Preparation: 
A mini-lesson on how to use the 
Vernier Calipers will be necessary 
before making the measurements 
to complete the activity sheet for 
this learning experience. 
 
Note: 
There are various objects 
provided in the measurement 
sample box that are irregular in 
shape.  These are “challenge” 
objects.  The Vernier Calipers can 
be used to measure various 
aspects of each object.  Guide 
students through these 
measurements as a challenge 
activity. 
 
Evaluation Strategy: 
Students will use the Vernier 
Calipers accurately to find 
appropriate measurements to find 
the volume of each object. 
 
Vocabulary: 
volume 
Vernier Caliper 
centimeter 

Vernier Calipers can 
measure the outside 
diameter or width of 
an object. 

Vernier Calipers 
can measure the 
inside diameter or 
width of an object.

Vernier Calipers can 
measure the depth 
of an object. 
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Learning Experience 8: Density 
 
Objective: Students will use the formula D=M/V to find density of each  
                   object provided. 
 
 

Students are to calculate the density of 
the objects provided in the 
measurement sample box.  Since there 
is only one double pan balance provided 
in the kit, the mass of each object is to 
be found as a class.  The volume for 
many of the objects has already been 
found using the Vernier Caliper 
measurements in appropriate formulas 
on the activity sheet for Learning 
Experience #7.  There are several 
objects in the kit that are irregular in 
shape.  In order to find the volume of 
these objects as a class, we will use 
displacement.  Fill the graduated 
cylinder provided with 150 mL of water.  
Submerge the object in the water and 
see how much the water level rises.  
Together, determine the new volume 
and subtract the original water level 
from the risen water level to give you the 
volume of the object.   

 
200 mL – 150 mL = 50mL 

       
Record the volume for each object on 

      chart paper. Students use the data for  
the volume you determined as a class  
and their calculators to find the density  
(M/V) of each object then record on the 
chart.  After the density of each object 

has been found, number order the objects  
by density: #1 = least dense, #18 = most  
dense. 

 
All data is to be recorded on the tables 
provided on the activity sheet for 
Learning Experience #8 in the 
Intermediate Level Measurement 
Student Activity Book. 

Materials: 
For each group of three 
students: 
3 Intermediate Level 
Measurement Student Activity 
Books 
Measurement sample box 
Calculator* 
Water* 
 
For the class: 
Graduated cylinder 
Double pan balance 
Gram cubes 
Modeling clay 
Chart paper* 
*provided by teacher/student 
 
Preparation: 
Find a location in the classroom 
where the double pan balance is 
visible to the class or set-up a 
center where student groups can 
use the balance to find the mass 
of each object 
 
Evaluation Strategy: 
Students will use the appropriate 
measurements and the formula 
D=M/V to find the density of each 
object provided. 
 
Vocabulary: 
volume 
mass 
density 
displacement 
graduated cylinder 
milliliter 
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GLOSSARY 
 

angle      a figure formed by two rays that have a  
common vertex.   

 
area     a measure of how much surface is covered by  

a figure. 
 
Vernier Caliper    an instrument used to measure the internal or  

external dimensions of objects and consisting 
of two curved hinged legs joined at one end. 

 
circumference   the distance around a circle. 
 
centimeter    a metric unit of length; 100 centimeters equal 1  

meter. 
 
circle      a closed plane curve with every point the same  

distance from the center. 
 
cone     a solid with a circular base and a surface that  

narrows evenly from the circle to a point above 
or below the circle.  

 
cube     a prism that has six square faces. 
 
customary     commonly practiced, used or observed 
 
cylinder       a solid that has two congruent circles in parallel  

planes for bases and one curved surface.   
 
density amount of a substance contained within a 

specific area. In physics, density is the ratio of 
the mass of a substance to its volume, and it 
can be calculated by dividing the mass by the 
volume. Density is often expressed in units 
such as grams per cubic centimeter (g/cm3) or 
pounds per cubic foot (lb/ft3). 

 
diameter     a line segment that goes through the center of  

a circle and has its endpoints on a circle; also 
the length of such a segment. 

 
displacement    the fluid, for example, water, that is forced to  

move by an object floating or submerged in it. 
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equilateral triangle   a triangle with three congruent sides. 
 
graduated cylinder   a container with straight sides and circular  

bottom marked with lines to enable 
measurement. 

 
height     measurement between parallel bases or from a  

vertex to an opposite base. 
 
inch     a unit of length equal to 2.54 cm (1/12th of a  

foot.)  
 
mass     the amount of matter in an object. 
 
measurement   the size, length, quantity, or rate of something  

that has been measured. 
 
metric  relating to or using the metric system of 

measurement. 
 
milliliter    a metric unit of capacity; 1000 milliliters equal 1  

liter.   
 
perimeter    the distance around a figure. 
 
π (pi)     the number that represents the ratio of the  

circumference of a circle to its diameter.  Its 
value is about 3.14159 or 22/7. 

 
protractor    an instrument shaped like a semicircle marked  

with the degrees of a circle, used to measure 
or mark out angles.  

 
pyramid    a polyhedron whose base is a polygon and  

whose other faces are triangles that share a 
common vertex. 

 
Pythagorean theorem  a proved geometric proposition stating that the  

square of the longest side (hypotenuse) of a 
right triangle is equal to the sum of the squares 
of the other two sides 

 
radius     a line segment with one endpoint at the center  

of a circle and the other endpoint on the circle; 
also, the length of such a segment. 
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rectangular prism   a prism having 6 rectangular faces. 
 
right isosceles triangle  a triangle that has a 90 degree angle and two  

of the three sides are of equal length 
 
right triangle    a triangle that has a 90 degree angle. 
 
sphere    a solid having the shape of a ball. 
 
sum     the total amount resulting when two or more  

numbers or quantities are added together. 
 
surface area    the total area of the faces (including the bases)  

of a solid figure. 
 
volume    the number of cubic units occupied by a solid  

figure. 
 


