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Polymers for the Planet 
Day 3: Materials We Can Use to Make a Biopolymer 

Grade Level Grade 5 

Lesson Length One 50-minute session (if possible, consider adding another day) 

Lesson Overview 

In this lesson, students investigate the characteristics and properties of the materials available for 
use in their biopolymer formula. Students select and justify a biopolymer formula based on the 
characteristics and properties of available materials and of the desired product. 

This lesson sets students up to figure out that the characteristics and properties of two or more 
substances that are mixed do not necessarily match the characteristics and properties of the 
resulting substance. This finding progresses students along the understanding that mixing two or 
more substances may result in a new substance with different properties.  

Connecting to the Next Generation Science Standards 

On Day 3, students make progress toward developing understanding across the following three 
dimensions: 

• Science and Engineering Practices: Asking Questions and Defining Problems, Planning
and Carrying out Investigations

• Disciplinary Core Ideas: ETS1.A Defining and Delimiting Engineering Problems, 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-ETS1-1. Define a simple design problem reflecting a need or a want that includes specified criteria
for success and constraints on materials, time, or cost.

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. 

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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Specific Connections to Classroom Activity 
In this lesson, students identify some of the constraints on their product design. They consider the cost of the 
materials used to create the product. Prior to designing their biopolymer formula, students make careful 
observations of the characteristics and properties of the materials available for use. Students select materials 
based on the desired characteristics and properties of their product. 

This lesson sets students up to figure out that the characteristics and properties of the materials used in the 
formula do not necessarily match the characteristics and properties of the product. This helps students figure 
out that when they mix two or more substances, a new substance is formed. 

On Days 1 and 2, students defined the design problem and criteria for success. On Day 3, students focus more 
heavily on design constraints. 

Dimension NGSS Element Connections to Classroom Activity 

Science and 
Engineering 

Practices 

Asking Questions and Defining Problems 
• Define a simple design problem that can

be solved through the development of an
object, tool, process, or system and
includes several criteria for success and
constraints on materials, time, or cost.

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.

When selecting materials to use in the 
biopolymer formula, students consider the 
constraints of cost and properties of available 
materials. 

Students engage in the initial steps of an 
investigation by identifying the properties of 
the materials used in a chemical reaction. 
Students do not yet plan their own 
investigation or consider variables to control. 

Disciplinary 
Core Ideas 

ETS1.A Defining and Delimiting Engineering 
Problems 
• Possible solutions to a problem are 

limited by available materials and 
resources (constraints). The success of a
designed solution is determined by
considering the desired features of a
solution (criteria). Different proposals for
solutions can be compared on the basis
of how well each one meets the specified
criteria for success or how well each
takes the constraints into account.

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 identify the constraints of cost and 
properties of materials used in the biopolymer 
formula. Students do not yet compare 
different proposals for design solutions. 

Students make careful observations of 
materials to identify which materials they 
would like to use in the biopolymer formula. 
Students do not make formal measurements. 

This lesson sets students up to figure out that 
mixing two or more substances results in the 
formation of a substance with different 
properties. Students observe the properties 
of the reactants. Later, they compare the 
properties of the reactants with the properties 
of the product. 

Crosscutting 
Concepts 

Cause and Effect 
• Cause and effect relationships are 

routinely identified, tested, and used to
explain change.

This lesson sets students up to figure out that 
when two substances are mixed, it results in 
a new substance with different properties. 
During this lesson, students investigate the 
causes and predict the effect. 
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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. 

To adequately meet the performance expectations listed above, students would need to determine the atomic 
composition of the materials available for use in their biopolymer formula. Students would also need to collect 
data on the properties of the substances. 

At the middle school level, students should focus on the following properties: density, melting point, boiling 
point, solubility, flammability, and odor. Using their knowledge of the atomic composition of available materials 
and data collected on the properties of the available materials, students should present an argument, supported 
with evidence and reasoning, for their selection of materials. Finally, students should consider the source of the 
available materials to support an argument that synthetic materials come from natural resources. 

Basic Teacher Preparation 

This lesson introduces students to the process of creating and testing biopolymer formulas, a 
critical component of the design problem for this module. Students need several materials to 
choose from, so all materials need to be acquired ahead of time. Familiarize yourself with the 
testing process that begins on Day 4, so you can foreshadow the upcoming testing for students. 

Refer to the Polymers for the Planet Student Handbook ahead of time, so you can address any 
questions students might have. All Day 3 documents can be found on pages 11–16 in the 
Polymers for the Planet Student Handbook. The documents used in this lesson are: 

• Defining the Problem (Round 3) (page 11)
• Small Group Design Work (page 12–14)
• Our Proposed Formula (page 15)
• Our Prediction (page 16)

Some teachers may opt to use only 2 or 3 of the starches rather than all of them. Further, some 
teachers may want to eliminate some materials, such as vinegar, due to safety reasons. 

Be sure to prepare students for this lesson with appropriate safety precautions. Students should 
wear goggles, closed toe shoes, and gloves when observing available materials. 

Required Preparation Links/Additional Information 

 Gather or purchase the required materials
for the lesson

Refer to the Materials List for this lesson 

 Prepare necessary solutions for the
Plasticizer station:
 1% glycerol solution: 10 mL of pure

glycerin or glycerol in a 1L of water
 Salt solution: 9 grams of salt in 1 L will

produce a 45 mg solution in each 5 mL
sample of salt solution

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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 Prepare substances for the Starch station:
 Corn starch
 Potato starch
 Tapioca
 Arrowroot
 Modified food starch
 Wheat starch
 Glutinous rice flour
 Banana starch
 Agar

 Prepare substances for the Additives
station:
 Corn oil
 Sugar
 Glycerol
 Glue
 Corn syrup
 Citric acid
 Vinegar
 Sorbitol

Materials List 

Item Description/Additional 
Information 

Quantity Where to 
Locate/Buy 

Metric ruler 1 per group (varies 
with class size) 

[Web Link] 

Potato starch 1 lb container Varies with class size [Web Link] 

Corn starch 1 lb container Varies with class size [Web Link] 

Tapioca starch 1 lb container Varies with class size [Web Link] 

Modified food 
starch 

1 lb container Varies with class size [Web Link] 

Arrowroot 1 lb container Varies with class size [Web Link] 

Wheat starch 1 lb container Varies with class size [Web Link] 

Glutinous rice flour 1 lb container Varies with class size [Web Link] 

Banana starch 1 lb container Varies with class size [Web Link] 

Corn oil 1 lb container Varies with class size [Web Link] 

Glue 32 oz container Varies with class size [Web Link] 

http://www.amazon.com/Westcott-Non-Shatter-Ruler-Inches-13862/dp/B00309RVJ6/ref=sr_1_7?ie=UTF8&qid=1432769547&sr=8-7&keywords=metric+ruler
http://www.amazon.com/Bobs-Red-Mill-Potato-Unmodified/dp/B0013JOKBC/ref=sr_1_1?ie=UTF8&qid=1432769701&sr=8-1&keywords=potato+starch
http://www.amazon.com/Argo-100%25-Pure-Corn-Starch/dp/B00JPT9BFW/ref=sr_1_1?ie=UTF8&qid=1432769854&sr=8-1&keywords=cornstarch
http://www.amazon.com/Unknown-Tapioca-Starch-Flour/dp/B0001RIU3G/ref=sr_1_2?ie=UTF8&qid=1432770010&sr=8-2&keywords=tapioca+starch
http://www.amazon.com/Barry-Farm-Clear-Jel-lb/dp/B00015UC4S/ref=sr_1_4?ie=UTF8&qid=1432770640&sr=8-4&keywords=modified+food+starch
http://www.amazon.com/Barry-Farm-Arrowroot-Powder-lb/dp/B00015UC4I/ref=sr_1_7?ie=UTF8&qid=1432770540&sr=8-7&keywords=arrowroot
http://www.amazon.com/Red-Lantern-Wheat-Starch/dp/B007RH07GQ/ref=sr_1_1?ie=UTF8&qid=1432770783&sr=8-1&keywords=wheat+starch
http://www.amazon.com/GLUTINOUS-RICE-FLOUR-1x16OZ-Sale/dp/B005WG1VRI/ref=sr_1_1?ie=UTF8&qid=1432770937&sr=8-1&keywords=glutinous+rice+flour
http://www.amazon.com/Barry-Farm-Plantain-Flour-lb/dp/B000F9ZM5Y/ref=sr_1_2?ie=UTF8&qid=1432771017&sr=8-2&keywords=banana+starch
http://www.amazon.com/Crisco-Pure-Corn-Oil-32/dp/B00I8G7HMM/ref=sr_1_1?ie=UTF8&qid=1432771217&sr=8-1&keywords=corn+oil
http://www.amazon.com/Elmers-E3850-Multi-Purpose-Glue-All-Quart/dp/B0045PVK9Q/ref=sr_1_4?ie=UTF8&qid=1432771363&sr=8-4&keywords=elmers+glue
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Corn syrup 32 oz container Varies with class size [Web Link] 

Sugar 1 lb container Varies with class size [Web Link] 

Glycerol/glycerin 100 ml container Varies with class size [Web Link] 

Citric acid 1 lb container Varies with class size [Web Link] 

Agar 100 g container Varies with class size [Web Link] 

Sorbitol 1 lb container Varies with class size [Web Link] 

Food coloring Multiple colors Varies with class size [Web Link] 

http://www.amazon.com/Karo-Light-Corn-Syrup-95l/dp/B007WWH8OA/ref=sr_1_2?ie=UTF8&qid=1432771471&sr=8-2&keywords=corn+syrup
http://www.amazon.com/Domino-White-Sugar-Dissolve-Superfine/dp/B00GA8XYWW/ref=sr_1_1?s=grocery&ie=UTF8&qid=1432771818&sr=1-1&keywords=sugar
http://www.flinnsci.com/store/Scripts/prodView.asp?idproduct=19258
http://www.amazon.com/Now-Foods-Citric-Acid--Pound/dp/B004AC1SHS/ref=sr_1_4?s=grocery&ie=UTF8&qid=1432772129&sr=1-4&keywords=citric+acid
http://www.amazon.com/100g-Microbiological-Agar-Powder/dp/B00527PC40/ref=sr_1_7?s=industrial&ie=UTF8&qid=1461873966&sr=1-7&keywords=agar+powder
http://www.amazon.com/Sorbitol-1-can-lb/dp/B004XZHDYO/ref=sr_1_1?s=grocery&ie=UTF8&qid=1432772282&sr=1-1&keywords=sorbitol
http://www.amazon.com/MCCORMICK-FOOD-EGG-COLORING-Colors/dp/B004G7PLJI/ref=sr_1_3?s=grocery&ie=UTF8&qid=1453578573&sr=1-3&keywords=food+coloring
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Day 3: Materials We Can Use to Make a Biopolymer 

Introduction (5 minutes) 

Begin the lesson by referencing the DQB. Remind students that the Driving Question for the 
module is, How can we design a biopolymer that is less harmful to the environment than 
plastic? On Day 1, students started by making progress on answering their first question, Why do 
we need a better plastic? On Day 2, students made progress on answering the second question, 
What characteristics or properties should our biopolymers have? On Day 3, students begin the 
process of answering the third question, How can we develop and test biopolymers? 

Specifically, students think carefully about the materials they plan to use to create their 
biopolymers. Tell students that the goal today is to answer the question, What materials can we 
use to make a biopolymer? 

Whole Group Discussion: Criteria and Constraints (5 minutes) 

Return to the criteria that students already identified on page 5 and page 10 in the Polymers for 
the Planet Student Handbook. Tell students that in addition to the criteria they already identified, 
Premier Polymer Providers would like a polymer that has: 

• High tensile strength (the plastic should be able to hold a great deal of weight before
breaking)

• The ability to stretch or elongate before the material breaks

Engage students in a discussion about these criteria. Encourage students to think about the 
reasons why Premier Polymer Providers would need a polymer with high tensile strength and 
elongation. Brainstorm ideas as a class. 

Tell students that in addition to criteria, they must consider constraints. Engage students in a 
discussion about possible constraints. Have students brainstorm different constraints to their 
design problem. 

After brainstorming a list of constraints, tell students that Premier Polymer Providers has also 
added some constraints to their design project. Students will develop prototype biopolymer 
coupons. Prototype biopolymer coupons are small samples of prototype biopolymers that 
engineers can use to test the characteristics and properties of the polymer without spending too 
much money. 

Students start by developing two prototype biopolymer coupons using the same polymer formula. 
They then have an opportunity to revise their biopolymer formula based on evidence they collect 
while testing their first prototype biopolymer. 

Next, students must make sure that their polymer is affordable. Each of the materials students use 
has a cost associated with it. Students should develop a polymer that meets all the criteria and 
that can be developed for a low cost. 
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Design Work: Defining the Problem (Round 3) (5 minutes) 

Now that students have figured out more about 
the problem, have students think again about 
defining the problem. Direct students to work in 
their small group to develop a final definition of 
the design problem, and its criteria and 
constraints. Students should record this on 
page 11 in their Polymers for the Planet 
Student Handbook. Remind students that the 
problem, criteria, and constraints may be 
different for each design team depending on 
the plastic they decided to mimic.  

Investigation: Introduction to Build Materials (15 minutes) 

To create biopolymer compounds for testing, students need to create their own formulas. Their 
formulas should include a plasticizer, starch, additives, and food coloring. Students should follow 
the formula below to create their biopolymer:  

Plasticizer + Starch(es) + [Optional Food Coloring and Additives]  Biopolymer 

Students select which plasticizer, starches, food coloring, and additives they would like to include. 
To make informed decisions when developing their formulas, students make detailed observations 
of the properties and characteristics of the available materials. 

Plasticizer A or Plasticizer B? 

Students must first decide on their plasticizer. Two plasticizers are available and are listed in their 
Polymers for the Planet Student Handbook. To make a decision, students should record 
observations about both plasticizers. Place samples of Plasticizer A and Plasticizer B around the 
room. Instruct students to carefully observe the samples and record their observations on page 12 
in their Polymers for the Planet Student Handbook. The plasticizers may appear very similar to 
each other at this stage, so students may find it challenging to determine differences in 
characteristics and properties of each plasticizer. As they continue to experiment, though, 
students should notice differences in the plasticizers. 

Starches and Additives 

Place labeled samples of starches and additives around the room. Tell students they need to 
make an informed decision about which starches and additives to include in their formulas. To 
figure out which starch or additive to include, students should first make detailed observations 
about all of the starches and additives. 

NGSS Key Moment 

At this point, students should have made 
significant progress toward demonstrating 
mastery for 3-5-ETS1-1. You may use 
Defining the Problem (Round 3) on page 
11 in the student handbook as an 
assessment of their progress. 
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Instruct students to carefully observe the 
sample and record their observations on pages 
13 and 14 in their Polymers for the Planet 
Student Handbook. Again, students may not 
initially notice clear differences among the 
starches. As students continue to experiment, 
though, they should notice differences in the 
properties of the starches when they are mixed 
with plasticizer. 

Design Work: Developing Our Formula (10 minutes) 

Tell students that now that they have observed the properties of each of the plasticizers, starches, 
and additives, they need to develop formulations for their chosen criteria and constraints, and to 
think about the application of their design. 

Ask students to meet in their design teams. 
Tell students to develop their formulas using 
the guide on page 15 in their Polymers for 
the Planet Student Handbook. Students 
must select the materials they plan to use in 
their biopolymer. For each material, they 
should list the proposed quantity, price, 
observations, and justification for selection. At 
this point, students might not have a strong 
justification. As they create their biopolymers, 
test their properties, and optimize their 
formulas, they should strengthen their 
justification for material choice. 

Next, students should make a prediction about their biopolymer on page 16 in the Polymers for 
the Planet Student Handbook. They should predict the properties and characteristics of their 
biopolymer based on the materials they used. Students should clearly justify their predictions. 

Important Note 

To yield the best results, students should 
use approximately 10 grams of starch if 
they are using Plasticizer A and 
approximately 3 grams of starch if they 
are using Plasticizer B. The charts on 
pages 13 and 14 in the student handbook 
contain price information for each starch. 

Helpful Tip 

Some teachers may find it easier to limit 
the number of starches and additives 
available to students. If necessary, 
consider purchasing only 2 or 3 starches 
and additives rather than all of them. 
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Whole Group Discussion: Sharing Our Formula (10 minutes) 

As the lesson closes, ask teams to share their formulas with the whole class. Have teams report 
their formulas, justifications, and predictions. Students should ask questions of the presenting 
teams. The questions should help teams further refine their designs. Example questions include: 

• Why do you think potato starch will make the biopolymer flexible? 
• I noticed that vinegar is a liquid. How do you think it will make the biopolymer 

flexible? 
• Why did you decide that banana starch is a better option than wheat starch? 

After sharing their formulas, give the teams additional time to revise their formulas, justifications, 
and predictions. Encourage the teams to add additional information to help answer the questions 
asked by their classmates. 

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 Defining the Problem
(Round 3). This document, in combination with Defining the Problem (Rounds 1 and 2),
can be used to assess progress on 3-5-ETS1-1. Defining the Problem (Round 3) could
also be used as a summative assessment for 3-5-ETS1-1.

• Use proposed formulas and predictions (pages 15 and 16) to assess student progress on
the key disciplinary core ideas for this lesson.

• Student presentations (Sharing Our Formula) can also be an excellent source of student
progress on key disciplinary core ideas for this lesson. Presentations offer an alternative

NGSS Key Moment 

At this point in the design process, students often tend to select materials that have similar 
properties and characteristics to their desired product. For instance, students might opt to 
use glue or corn oil over citric acid, because the properties of glue or corn oil seem similar to 
the desired product. The selections are likely based on their developing understanding of 5-
PS1-4. Students may think that when they mix two substances, the new substance will have 
similar properties. 

Students are often surprised to find that when they mix two substances, the new substance 
may have different properties! An important factor is for students to experience this sense of 
surprise. To encourage this discovery, allow students to pursue their hypotheses that they 
should use materials with similar properties to their desired products, but make sure at least 
one group experiments with an additive with different properties than their desired product. 
This is a critical step along the progression toward developing understanding of 5-PS1-4. 
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assessment format. Consider using the Presentation Rubric in Appendix C to evaluate 
student presentations. 

Use the identified assessment opportunities to monitor student progress on disciplinary core 
ideas, science and engineering practices, and crosscutting concepts. Provide appropriate 
supports or extensions when necessary.  

Reference Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

If any of the students’ parents or relatives work as chemical or materials engineers, invite them to 
visit the classroom to assist as a volunteer or to share work experiences. 

Suggested Teacher Resources 

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

Presentation Rubric Polymers for the Planet Teacher 
Handbook, Appendix C 

Polymers for the Planet Student Handbook [Resource Link] 

https://www.teachingchannel.org/videos/engineering-biopolymer-testing-lesson-boeing



