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Polymers for the Planet 
Days 6 and 7: Characteristics and Properties of Our Biopolymers 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions 

Lesson Overview 

In these two lessons, students create biopolymer coupons (small, testable pieces of prototype 
biopolymers) and test their biopolymer coupons. Students collect, organize, and analyze data 
from their tests to determine similarities and differences among several prototype designs. The 
teams work together to record qualitative observations, such as color, size, texture, and flexibility. 
Teams also record quantitative analysis of the tensile strength of their coupons. Measurements, 
observations, and outcomes are recorded in the Polymers for the Planet Student Handbooks. 

Connecting to the Next Generation Science Standards 

On Days 6 and 7, students make progress toward developing understanding across the following 
three dimensions: 

• Science and Engineering Practices: Planning and Carrying Out Investigations
• Disciplinary Core Ideas: ETS1.B Developing Possible Solutions, PS1.A Structure and

Properties of Matter, PS1.B Chemical Reactions
• Crosscutting Concepts: Cause and Effect

In the following table, the specific components addressed in this lesson are underlined and 
italicized. The specific connections to classroom activity are stated. 

Performance Expectations 

This lesson contributes toward building understanding of the following engineering performance 
expectations: 

3-5-ETS1-3. Plan and carry out fair tests in which variables are controlled and failure points are
considered to identify aspects of a model or prototype that can be improved.

This lesson contributes toward building understanding of the following physical science performance 
expectations: 

5-PS1-3. Make observations and measurements to identify materials based on their properties.
5-PS1-4. Conduct an investigation to determine whether the mixing of two or more substances results in
new substances. 

Specific Connections to Classroom Activity 
As in previous lessons, students continue to see that mixing two or more substances results in the formation of 
a new substance with different properties. In this lesson, students continue to make observations of the 
biopolymer to demonstrate that it is a new substance. Further, students test the biopolymer against specified 
criteria. By carrying out fair tests, students identify the aspects of the biopolymer that can be improved. 

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/5spm-structures-properties-matter
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Dimension NGSS Element Connections to Classroom Activity 

Science and 
Engineering 

Practices 

Planning and Carrying Out Investigations 
• Plan and conduct an investigation 

collaboratively to produce data to serve 
as the basis for evidence, using fair tests
in which variables are controlled and the
number of trials is considered.

Students carry out two tests to identify the 
aspects of the biopolymer that can be 
improved. During these tests, students collect 
data to serve as the basis for improvements. 
Students conduct multiple trials of each test. 

Disciplinary 
Core Ideas 

ETS1.B: Developing Possible Solutions 
• Research on a problem should be carried

out before beginning to design a solution.
Testing a solution involves investigating 
how well it performs under a range of 
likely conditions. 

• Tests are often designed to identify 
failure points or difficulties, which 
suggest the elements of a design that 
need to be improved. 

PS1.A: Structure and Properties of Matter 
• Measurements of a variety of properties 

can be used to identify materials. 
PS1.B: Chemical Reactions 
• When two or more different substances 

are mixed, a new substance with 
different properties may be formed. 

Students conduct two quantitative tests of 
their biopolymer. Students test the elongation 
capacity and tensile strength of their 
biopolymer to determine the failure points. 
Through these tests, students identify 
properties of the biopolymer that can be 
improved. In addition, students gather more 
evidence to show that the biopolymer is a 
different substance than the materials used to 
create it. 

Crosscutting 
Concepts 

Cause and Effect 
• Cause and effect relationships are 

routinely identified, tested, and used to 
explain change. 

Through the elongation and tensile strength 
tests, students figure out that when they 
stretch the biopolymer, it eventually breaks. 

Middle School Extensions 
If you are adapting this module to a middle school context, consider the following performance expectations: 

MS-PS1-1: Develop models to describe the atomic composition of simple molecules and extended 
structures. 
MS-PS1-2: Analyze and interpret data on the properties of substances before and after the substances 
interact to determine if a chemical reaction has occurred. 
MS-PS1-3: Gather and makes sense of information to describe that synthetic materials come from 
natural resources and impact society. 

The revisions required for Days 4 and 5 will also be required for Days 6 and 7. The revisions are listed again 
below. 

To adequately meet the performance expectations listed above, students would need to determine the atomic 
composition of the biopolymer products. Students would also need to collect data on the properties of the 
biopolymer product. 

At the middle school level, students should focus on the following properties: density, melting point, boiling 
point, solubility, flammability, and odor. Finally, students should compare the atomic composition and properties 
of the reactants and the products to determine if a chemical reaction has occurred and to develop an 
understanding that synthetic materials come from natural resources. 

Teachers may choose to further adapt this lesson to include MS-PS1-5 (develop a model to describe how the 
total number of atoms does not change in a chemical reaction and thus mass is conserved), although significant 
revisions would be necessary. 

http://www.nextgenscience.org/dci-arrangement/ms-ps1-matter-and-its-interactions
http://www.nextgenscience.org/dci-arrangement/ms-ps1-matter-and-its-interactions
http://www.nextgenscience.org/dci-arrangement/ms-ps1-matter-and-its-interactions
http://www.nextgenscience.org/dci-arrangement/ms-ps1-matter-and-its-interactions
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Basic Teacher Preparation 

As in the previous lesson, students work with various materials and equipment to complete the 
coupon testing. All required materials and equipment must be set up in advance. Review the two 
videos below to learn more about the two types of testing. If possible, experiment with testing 
biopolymers prior to class.  

Refer to the Polymers for the Planet Student Handbook ahead of time so you can address any 
questions students might have. The Days 6 and 7 documents can be found on pages 19–25 in the 
Polymers for the Planet Student Handbook. The multipage document used in this lesson is: 

• Characteristics and Properties of Our Biopolymers (pages 19–25)

Be sure to prepare students for this lesson with appropriate safety precautions. Students should 
wear goggles for this lesson. 

Required Preparation Links/Additional Information 

 Gather or purchase the required materials
for the lesson

Refer to the Materials List for this lesson 

 Review suggested teacher preparation
resources

Refer to the Suggested Teacher Resources at 
the end of this lesson 

 Watch the Elongation teacher video [Video Link] 

 Watch the Tensile Strength teacher video [Video Link] 

Materials List 

Item Description/Additional 
Information 

Quantity Where to 
Locate/Buy 

Scissors 1 pair per team [Web Link] 

Paper clips At least 2 per 
group, per test 

[Web Link] 

Binder clips 1 per team [Web Link] 

Washers 40-50 per team [Web Link] 

Dowel rods 1 per team [Web Link] 

https://drive.google.com/file/d/0B4pIoTP3gZCkVDdwS0Fpb0VsWU0/view?usp=sharing%5D
https://drive.google.com/file/d/0B4pIoTP3gZCkYkNnM29CLXppN3M/view?usp=sharing
http://www.amazon.com/Scotch-1448-Precision-Scissor-8-Inches/dp/B001BKHHGS/ref=sr_1_1?ie=UTF8&qid=1432781305&sr=8-1&keywords=scissors
http://www.amazon.com/ACCO-Paper-Economy-Smooth-72580/dp/B00006IBK8/ref=sr_1_4?ie=UTF8&qid=1432781360&sr=8-4&keywords=paper+clip
http://www.amazon.com/ACCO-Binder-Clips-Large-72100/dp/B002VD6BLG/ref=sr_1_1?s=office-products&ie=UTF8&qid=1432781566&sr=1-1&keywords=jumbo+binder+clips
http://www.amazon.com/Crown-Bolt-30042-Zinc-Plated-50-Count/dp/B004XMY8CC/ref=sr_1_2?s=industrial&ie=UTF8&qid=1432781629&sr=1-2&keywords=washers
http://www.amazon.com/Chenille-Kraft-Blond-Dowels-inches/dp/B0044SAUTA/ref=sr_1_11?s=industrial&ie=UTF8&qid=1432781735&sr=1-11&keywords=dowel+wooden


Science and Innovation Polymers for the Planet 

Copyright ©2016 4 

Day 6: Characteristics and Properties of Our Biopolymers 

Introduction (5 minutes) 

Begin class by revisiting the design problem, criteria, and constraints on page 11 in the Polymers 
for the Planet Student Handbook. Remind students that their goal is to develop a biopolymer 
that meets the desired criteria and constraints. They proposed a formula for their desired product 
and created the biopolymer. Now, they need to test the biopolymer to see if it successfully solves 
the design challenge. The goal of this lesson is to answer the question, What are the 
characteristics and properties of our prototype biopolymer coupon? 

Have students sit with their lab teams. Set the tone and expectations for this lesson’s work, with a 
special emphasis on safety procedures. 

Design Work: Qualitative Assessment (15 minutes) 

Tell students that to answer the question, What are the characteristics and properties of our 
prototype biopolymer coupon? they are going to start by making qualitative assessments. 
Qualitative assessments are assessments that we can make using our senses to describe the 
characteristics of an object. Qualitative assessments can be described but not measured. 

Confirm that the samples created previously are completely dry. For each sample, have the teams: 

1. Carefully peel the sample from the Petri dish or release film without damaging it.
2. Make careful observations of the sample (color, size, texture, flexibility, and so forth.) and

record their observations on page 19 in the Polymers for the Planet Student Handbook.

Prompt students with the following questions: 

• Does your sample stretch, bend, or fold? How much? 
• Is the sample uniform, or does it have defects, like bubbles or cracks? 
• What else do you notice? What does it remind you of? 
• How can you tell if the plastic is dry? 

Have students write down as many observations as they can. They might even want to draw a 
picture of their samples. 

Next, have students reflect on their qualitative assessment. Does the biopolymer have the desired 
characteristics and properties? Are the characteristics and properties of the biopolymer similar to 
or different from the characteristics and properties of the materials used to make the biopolymer? 
What changes need to be made to improve the biopolymer? Students should record their 
responses on page 20 in the Polymers for the Planet Student Handbook. 
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Design Work: Quantitative Assessment—Elongation (25 minutes) 

Tell students that now that they have conducted the qualitative assessment, they are going to 
conduct quantitative assessments. Quantitative assessments allow engineers to carry out fair 
tests to identify aspects of the biopolymers that can be improved. 

Student design teams start by conducting three elongation trials. Then, the teams conduct tensile 
tests. Remind students that the tensile test is a way to determine the strength of the polymer. 

Student teams practice conducting the elongation test with pieces of a plastic bag or other plastic 
coupons supplied by the teacher. Students conduct three elongation trials with their samples and 
record their data on the data chart provided on page 21 in the Polymers for the Planet Student 
Handbook. The lab procedures are as follows. 

Quantitative Testing—Elongation 

1. Cut three samples of the same size out
of your plastic specimen. Aim for a
sample size of 2 cm x 8 cm, if possible.

2. For the first sample, record the initial
sample length.

3. Hold the short edge of the sample flat to
the surface of the table.

4. Align the ruler to the edge of the sample
at the zero on the ruler.

5. Applying pressure on the edge, pinch the free edge of the sample.
6. Pull the free edge slowly and steadily.
7. Have a partner observe the sample as it stretches.
8. Record the final length of the sample right as it breaks.
9. Calculate the percent elongation of the sample:

Percent Elongation = [(Final length cm – Initial Length cm) / Initial Length cm] x 100 

10. Repeat the test procedure for the next two samples.
11. Calculate the average percent elongation for the plastic specimen.

NGSS Key Moment 

Students should see that the characteristics and properties of materials used to make a 
biopolymer are different from the characteristics and properties of the biopolymer. Students 
should begin to wonder if this always happens—When two substances are mixed, does it 
always result in a new substance with different properties? This sets students up for further 
investigations related to 5-PS1.4. Students should also begin to wonder why and how the 
characteristics and properties of the materials and the product change. This sets them up for 
MS-PS1.B. 

Helpful Tip 

The Quantitative Testing—Elongation 
steps are provided for students on page 
21 in the Polymers for the Planet 
Student Handbook. 



Science and Innovation Polymers for the Planet 

Copyright ©2016 6 

Have students record their data from their three tests in the data chart on page 21 in their 
Polymers for the Planet Student Handbook. Be sure students also record their reflections on 
page 22 in their Polymers for the Planet Student Handbook. 

Whole Group Discussion: Reflecting on the Biopolymers (5 minutes) 

Lead a whole group discussion to reflect on the 
observations of the biopolymers thus far. Ask 
students to share the characteristics and 
properties of their biopolymers. Ask students if 
the characteristics and properties of their 
biopolymers match the characteristics and 
properties of the materials they used. 

Draw out the idea that the materials and the 
biopolymers have different characteristics 
and properties. Begin to lead students to the idea that when they mix two substances, a new 
substance with different characteristics and properties is formed. 

In the second part of the discussion, ask students if their biopolymers met the necessary 
constraints and criteria. Prompt students to share their plans for revising their formulas. Note that 
the word optimization is often used to describe the process of refining formulas. 

NGSS Key Moment 

As students develop the idea that 
biopolymers have different properties from 
the materials used to make them, they 
demonstrate progress on 5-PS1-4. 
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Day 7: Characteristics and Properties of Our Biopolymers 

Introduction (5 minutes) 

Let students know that during today’s testing, they conduct a second type of quantitative 
testing—the tensile strength test. Ask students to retrieve their Petri dish samples and set up 
their team workspaces. Remind students that they are working to figure out if their biopolymers 
have met the necessary criteria and constraints. They are also working to figure out how the 
materials they used in the formula relate to the resulting biopolymer. 

Design Work: Quantitative Assessment—Tensile Strength 
(40 minutes) 
Procedures for this quantitative test are as follows. These procedures are also on page 23 in the 
Polymers for the Planet Student Handbook. Provide the template in Appendix D to students. 

Tensile Strength 

1. Cut three dog bone shapes using the
Tensile Strength Template provided in
(see Figure 1, not to scale). Be careful
not to nick the shape as it will cause
premature failure.

2. Trim all sides to avoid edge-effect errors
in testing.

3. Secure the top edge of the dog bone
shape between two wooden sticks.

4. Clamp with a binder clip, as shown in
Figure 2.

5. Repeat Step 3 for the bottom edge of
the dog bone.

6. Thread a stick through the upturned
loops of the top binder clip (see Figure
2) and rest the stick between the
openings of two chairs, as shown in
Figure 3.

7. Hang an S shaped paper clip from each
side of the bottom binder clip loops.

8. Add washers, one at a time, to each
side.

9. Record the number of washers that are
added to cause the sample to break.

Images provided by Jessica Levine. 

10.  Observe and record the failure mode in your Tensile Strength Chart on page 24.
11.  Repeat Steps 3 through 10 for the remaining two dog bone shapes. 

Students should record data for three test trials for each sample on page 24 in the Polymers for 
the Planet Student Handbook. They should also record their reflections on page 25. 

 Figure 1

 Figure 2

 Figure 3
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Whole Group Discussion: Reflecting on Our Biopolymers (5 minutes) 

Lead a whole group discussion similar to the Day 6 discussion. Encourage students to continue to 
reflect on the observations of the biopolymers thus far. Ask students to share the characteristics 
and properties of their biopolymers. Ask students if the characteristics and properties of their 
biopolymers match the characteristics and properties of the materials they used. 

Try to draw out the idea that the materials and the biopolymers have different characteristics and 
properties. Begin to lead students to the idea that when they mix two substances, a new 
substance with different characteristics and properties is formed. 

In the second part of the discussion, ask students if their biopolymers have met the necessary 
constraints and criteria. Prompt students to share their plans for revising their formulas. Note that 
the word optimization is often used to describe the process of refining formulas. 

Assessment 

Several opportunities for formative assessment exist in this lesson: 

• Polymers for the Planet Student Handbook entries can be used to monitor student
progress during the module. For this lesson, focus specifically on completed data charts,
notes, and reflections on pages 19–25 in the Polymers for the Planet Student Handbook.

• Consider adding an additional assessment in which students are asked to evaluate
themselves on their work with the science and engineering practices for this lesson.

Use the assessment opportunities to monitor student progress on disciplinary core ideas, science 
and engineering practices, and crosscutting concepts. Provide appropriate supports or 
extensions. Reference Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

If chemical engineers are guests in the classroom, students can connect to the work that 
engineers do as well as learn how engineers contribute to the community. Professional expertise 
can be invaluable to engaging students’ interest in becoming future innovators and engineers. 

Suggested Teacher Resources 

Meeting the Needs of All Learners Polymers for the Planet Teacher 
Handbook, Appendix B 

Coupon Templates for Testing 
Polymers for the Planet Teacher 
Handbook, Appendix D 

Polymers for the Planet Student Handbook [Resource Link] 

Elongation and Tensile Strength Tests [Resource Link] 

https://www.teachingchannel.org/polymers-engineering-unit-boeing
https://www.teachingchannel.org/polymers-engineering-unit-boeing



