
 GRADE 3-CONTENT STANDARD #5 
EXTENDED LESSON A 

Permission Granted 
 

Using Standard and 
Nonstandard Units 
 
Introduction 

Objective∏Students will 

measure volume in nonstandard 

and standard units, and determine 

that a standard unit is preferable. 

 
Context∏Students have 

measured length using both 

nonstandard and standard units of 

measure. This may be their first 

exposure to finding volume. They 

will go on to use the formula for 

volume of rectangular solids. 

 NCTM Standards Focus 
 
Often, students’ introduction to volume involves applying the formula V = lwh to 

a figure with given dimensions. This standards-based lesson uses hands-on 

experience with concrete objects to help students understand the idea of volume. 

Students use nonstandard units of measure to find the volumes of different-sized 

boxes. Then, using centimeter cubes, students estimate and measure the volume 

of the boxes. Students concretely connect the relationship of length, width, and 

height to finding volume, establishing an understanding for eventually dealing 

with the formula. 

 
Reasoning and Proof As they work with nonstandard units to determine volume, 

students use reasoning to develop methods to solve the problems. When they 

move to standard cubic units of measure, they confirm that the results are both 

more accurate and more consistent. 

 
Connections When students fill the base of a box with cubic units, they connect 

the relationship of length, width, and height to the total volume of the box. They 

also connect to previous work with arrays and multiplication. 

 

Teaching Plan 
 
Materials ∏ Student pages A. 32. 33; identical sets of 2-4 small, sturdy 

rectangular boxes in different sizes (e.g., jewelry boxes, small toothpaste or raisin 

boxes, plastic staple boxes), 1 set for each group of students; marking pens; dry 

kidney beans or white northern beans; small marbles; centimeter cubes; 

centimeter ruler; chart paper. 

 

OPEN THE LESSON with a brief discussion. What have you learned about 

measuring lengths of different objects? What do you have to do to get accurate 

measurements? Ask students to recall experiences they have had measuring with  
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nonstandard units. Guide the discussion to the idea that using a standard unit such as 

centimeters makes it likely that different people measuring the same object will get 

the same answer. This is because centimeters are all exactly the same length and are 

the same around the world. 

Hold up 2 of the boxes you’ve collected, and set out a container of beans. Which of 

these boxes do you think would hold more beans? Tell students they are going to work 

in groups to explore volume, the measure of how much a shape will hold. Encourage 

them to look for ways they can connect what they already know about measurement 

to this exploration. 

ARRANGE STUDENTS IN GROUPS. Give each group a set of boxes and a 

generous supply of both beans and marbles. Explain that the beans and marbles are 

going to serve as units of measure for the volumes of the different boxes. Have the 

students refer to student page A. 32. Select one box. Have each group locate the same-

size box and label it with a 1. Do the same for the rest of the boxes. Then have 

students answer the first set of questions on page A. 32. When students have finished, 

ask for a show of hands to get their answers, and ask them to explain the reasoning 

behind their choices. 

Have students continue with page A. 32 by filling box 1 with beans, then counting the 

beans and recording the number. They should keep going until they have measured 

the volumes of all the boxes in both beans and marbles. While students are working, 

circulate around the room looking for the different strategies they use. When filing the 

boxes with marbles, students may find it difficult to fill the box evenly. Watch for 

their discussions as to whether they should leave the box slightly underfilled or 

slightly overfilled. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
f.y. i. 
 
Be sure to choose small 

boxes, as even a large 

toothpaste box will require 

hundreds of beans to fill 

and lots of time counting. 

The groups of students 

should have identical boxes 

so that they can accurately 

compare the volume. 

What Might Happen…What to Do   
Some students may have trouble keeping 

track while counting the beans. Suggest 

that students can arrange the beans in 

groups of 10, for example, so if they 

lose count, they won’t have to start from 

the beginning. When they have all the 

beans in groups, they can skip-count by 

tens to get the total. 

  

 

RECORD EACH GROUP’S results for all the boxes on chart paper and post the chart 

where students can study the figures. They will quickly see that there is a wide range 

of results. Ask students to answer the last question on student page A. 32 and then 

discuss these questions: 
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 How are all the groups’ measurements alike? How are they different? 

 Is it clear which box holds the most beans? How about the most marbles? 

 Does the box that holds the most beans also hold the most marbles? 

 Would it be easy to compare the volume of a box filled with beans and the volume 

of a box filled with marbles? Why or why not? 

 Are beans and marbles good units for finding volume? Why or why not? 

 What might be a better unit for measuring volume? 

CHALLENGE STUDENTS TO THINK about choosing a standard measurement unit 
that will fill all the empty space in the box. If no one offers the idea of using cubes, 
hold up a centimeter cube. Would this cube be a good unit for measuring the volume 
of the boxes? Why or why not? Students should quickly see that cubes could fill all the 
empty space in the boxes. 
 
Give each group of students a centimeter ruler and a supply of centimeter cubes. Have 
students measure a cube and determine that each side is 1 centimeter long. Explain 
that a cube that measures exactly 1 centimeter on each side is a unit of measure: 1 
cubic centimeter. Have students put together 4 cubes, 6 cubes, and so on, to make 
rectangular solid figures. Ask them to give the volume of each figure in cubic 
centimeters. 
 
Ask students to explain why centimeter cubes are a better way to measure volume 
than beans or marbles, besides the fact that they fit the space of the box better. What is 
confusing about stating the volume of something as 252 beans? Help students to see 
that we use standard units because everyone agrees on their size. That means that 
anywhere in the world, 252 cubic centimeters means the same volume. 
 
DEMONSTRATE HOW STUDENTS can use the centimeter cubes to fill the base of 
one of the boxes. Students will probably see that even with cubic units, there is still 
some empty space. Discuss the fact that this measurement will not be perfect, but ask 
students to see how measuring with cubes compares to measuring with beans or 
marbles. Ask them how they might use the filled floor of the box to figure the total 
number of cubic centimeters the box will hold. Discuss the ideas they offer. 
 
Direct students to student page A.32. Have them work in their groups to complete the 
page. As they work, circulate to watch their approaches and listen to their ideas. 
Encourage them to try their classmates’ ideas for estimating volume. As appropriate, 
encourage them to connect the task of measuring in cubic units to what they know 
about measuring length, width, and height, constructing arrays, and using repeated 
addition or multiplication. 
 
On a new chart, record the results from each group for the volumes of the boxes in 
cubic centimeters. There should be very little discrepancy in the results this time 
around. Have students discuss the reasons for any discrepancies that show up. For 
example, one group may have decided to put in a layer of cubes that came slightly 
above the top of the box. Sum up the lesson by asking students to explain what units 
are best to measure volume and why. 
 

 
f.y.i. 
 
Depending on the boxes 
you use, two different-
shaped boxes might share 
the same volume. If this 
occurs, you can have a 
class discussion about 
different shapes having 
the same volume. You 
can demonstrate this by 
using the same number of 
cubes to construct two or 
more different-shaped 
rectangular solids. 
-------------------------------- 

[Source:  Connect to NCTM Standards 2000-Third Grade, Creative Publications, Inc., pgs. 96-101] 
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Answers 
Page A. 32 

Student Pages 

Student page A.32 is a recording sheet for the volumes of the boxes in beans and 

marbles. Student page A.33 has students first estimate, then record, the volumes of the 

boxes in cubic centimeters. Both pages also ask students for a written response to a 

critical thinking question. 

 

Assessment 

While students worked in groups to fill the boxes with beans and marbles, you noted 

their discussions about the empty spaces and irregularities of the measuring materials. 

During the discussion, you could assess students’ understanding of the reasons for 

discrepancies when they measured volume in beans and marbles, and the value of 

using standard cubic units. You then observed their techniques for estimating the 

volume of each box. Finally, you assessed whether students understood how to 

measure volume using centimeter cubes. 

 

NCTM Standards Summary 

Students used both nonstandard and standard measurement units to find the volumes 

of different boxes. Through their experience with different concrete materials, they 

reasoned that the most accurate way to measure volume is with cubic units. They 

confirmed that when they used cubic units, the different groups measurements were 

consistent. As they worked to estimate and measure volume with centimeter cubes, 

students had the opportunity to make connections to measuring length, width, and 

height, as well as to building arrays and using multiplication. 

 

Answers will vary. 

Writing question: Students 

should note that there was a 

wide range of results. They 

may also note that the reason 

for the wide range is the 

irregularity of the shapes and 

sizes of the materials. 

 

Page A. 33 

Answers will vary.  
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Name 
 

Using Standard and Nonstandard Units 
 
Look at boxes 1, 2, 3, and 4.  Answer the questions. 
 
⊇ Which box do you think will hold the most beans? _____________________________  
 
⊄ Which box do you think will hold the most marbles? _____________________________  
 
⊂ Which box do you think will hold fewest beans? _____________________________  
 
⊆ Which box do you think will hold the fewest marbles? _____________________________  
 
∈ Fill each box with beans. Count the beans,  ∉ Now fill each box with marbles.  
 and record the total for each box.  Count the marbles, and record 

the total for each box. 
 
  Beans  Marbles 
 
 Box # 1    
 
 

   

 Box # 2    
 
 

   

 Box # 3    
 
 

   

 Box # 4    
 
 
∠  Compare your results with the other groups. What did you find out? 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
[Source:  Connect to NCTM Standards 2000-Third Grade, Creative Publications, Inc., pgs. 96-101] 
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A.32 
Name 

 

Using Standard and Nonstandard Units 
 
Look at boxes 1, 2, 3, and 4. 
 
⊇ Which box do you think will hold the most centimeter cubes? _______________________  
 
⊄ Which box do you think will hold the fewest centimeter cubes? ______________________  
 
⊂ Estimate the number of centimeter cubes each box will hold.  
 You may put one layer of cubes in the bottom of the box. 

Write your estimate below. 
 
⊆ Fill each box with centimeter cubes. 

Count the cubes. Record the actual volume of each box. 
 
  Estimate  Actual 
 
 Box # 1  Cubic 

centimeters 
 Cubic 

centimeters 
 
 

    

 Box # 2  Cubic 
centimeters 

 Cubic 
centimeters 

 
 

    

 Box # 3  Cubic 
centimeters 

 Cubic 
centimeters 

 
 

    

 Box # 4  Cubic 
centimeters 

 Cubic 
centimeters 

 

∈ Explain how you made your estimates. How could you have made better estimates? 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
 
 
______________________________________________________________________________ 
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