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Polymers for the Planet 
Day 1: Why We Need a Better Plastic 

Grade Level Grade 5 

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

Lesson Overview 

During this introductory lesson, students are introduced to the design problem. They learn that 
Premier Polymer Providers has hired them to develop a biopolymer that is less harmful to the 
environment than plastic. Students work to clearly define the design problem by exploring the 
societal issues related to creating and using plastics. Students write a letter back to Premier 
Polymer Providers articulating their understanding of the need for further work on biopolymers. 
The letters focus on the core ideas related to human impact on the environment.  

Connecting to the Next Generation Science Standards 

On Day 1, students make progress toward developing understanding across the following three 
dimensions: 

• Science and Engineering Practices: Asking Questions and Defining Problems, Obtaining,
Evaluating, and Communicating Information

• Disciplinary Core Ideas: ETS1.A Defining and Delimiting Engineering Problems, ESS3.C
Human Impacts on Earths Systems

• Crosscutting Concepts: Influence of Science, Engineering, and Technology on Society
and the Natural World

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 
expectation: 

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. 
5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to 
protect Earth’s resources and environment. 

Specific Connections to Classroom Activity 
In this lesson, students are presented with the challenge of designing a biopolymer. The initial description of the 
design problem vaguely states that students will work to develop biopolymers because they are better for the 
environment than plastics. To better understand the design problem, students explore the societal issues related 
to creating and using plastics. 

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/dci-arrangement/5-ess3-earth-and-human-activity
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After gathering more information about the problem with plastics and the impact that using plastics has on 
society, students develop a more detailed definition of the design problem and write a letter to the plastics 
company to articulate their understanding of the impact plastics have on the environment. In doing so, students 
begin to define the design problem around changing societal needs. 

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.

• Use prior knowledge to describe problems 
that can be solved. 

Obtaining, Evaluating, and Communicating 
Information 
• Critically read scientific texts adapted for 

classroom use to determine the central 
ideas and/or obtain scientific and/or
technical information to describe patterns 
in and/or evidence about the natural and 
design world(s). 

• Obtain and combine information from 
books and/or other reliable media to 
explain phenomena or solutions to a 
design problem. 

The design problem in this lesson relates to 
the need for a biopolymer that is less harmful 
to the environment than plastic. By the end 
of the lesson, students will have articulated 
that a better biopolymer must be developed 
to replace harmful plastics. 

To determine why current plastics are 
harmful to the environment, students read 
about the potential problems with plastics. 
Students combine information from multiple 
sources to be able to explain why a better 
plastic is needed. 

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.

ESS3.C: Human Impacts on Earth Systems 
• Human activities in agriculture, industry, 

and everyday life have had major effects on 
the land, vegetation, streams, ocean, air, 
and even outer space. But individuals and 
communities are doing things to help 
protect Earth’s resources and 
environments. 

As students work to more clearly articulate 
the design problem, they consider the 
current problems with plastics. Students 
figure out that they must design a polymer 
that does not use petroleum as a base and 
that biodegrades. By articulating some of the 
problems with plastics, students begin to 
identify some of the features of a solution 
(criteria). In later lessons, students consider 
limitations to possible design solutions. At 
the end of the module, students compare 
different proposals for design solutions. 

Students learn about the impact using 
plastics has on the natural environment. By 
engaging in the design problem, students 
work as individuals and a community of 
learners to design an alternative to plastics 
and to protect Earth’s resources and 
environments. 

Crosscutting 
Concepts 

Influence of Science, Engineering, and 
Technology on Society and the Natural 
World 
• People’s needs and wants change over 

time, as do their demands for new and 
improved technologies. 

Students are first introduced to the design 
problem in the context of changing societal 
demands for improved technologies. They 
learn that companies want to use new kinds 
of polymers that are not harmful to the 
environment. Students take on the role of 
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Basic Teacher Preparation 

Students need to be organized into groups of three or four. They work in their groups throughout 
this module. These working groups should be established before beginning the first lesson. 

Review the Talk Science Primer, to help you 
prepare to lead the class consensus 
discussions. 

Refer to the Polymers for the Planet Student 
Handbook ahead of time so you can address 
any questions students might have. All Day 1 
documents can be found on pages 1–5 in the 
Polymers for the Planet Student Handbook. 
The documents used in this lesson are: 

• Engineering Design Process (page 1)
• Welcome Letter (page 2)
• Defining the Problem (Round 1) (page 3)
• Why We Need A Better Plastic (page 4)
• Defining the Problem (Round 2) (page 5)

Required Preparation Links/Additional Information 

 Gather or purchase the required materials
for the lesson

Refer to the Materials List below 

 Download, print, and prepare the
Polymers for the Planet Student
Handbook packets for students

Refer to the Materials List below 

 Review suggested teacher preparation
resources and recommended websites

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

• Engineers improve existing technologies or
develop new ones to increase their
benefits, decrease known risks, and meet 
societal demands. 

engineers working to improve technologies 
to meet societal demands. 

This module only addresses “improving 
existing technologies.” Students do not 
design new technologies as part of this 
module. 

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

MS-ESS3-3: Apply scientific principles to design a method for monitoring and minimizing a human 
impact on the environment. 

MS-ESS3-4: Construct an argument supported by evidence for how increases in human population 
and per-capita consumption of natural resources impact Earth's systems. 

A deeper dive into monitoring and minimizing human impact on the environment would be necessary. Additional 
learning experiences should address increases in human population and per-capita consumption of natural 
resources and the overall impact of both on Earth’s systems. 

Helpful Tip 

The teacher author has found it helpful to 
give students a “stamp of completion” 
each day as they work through the 
lessons. 

http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
http://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
http://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
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Materials List 

Item 
Description/Additional 

Information Quantity 
Where to 

Locate/Buy 

Polymers for the 
Planet Student 
Handbook 

Print the handbooks and 
collate them to remain 
sturdy for 7–10 lessons. 

1 per student [Resource Link] 

Access to the 
plastics articles 

Article 1: Bag-Ban Debate 
Article 2: Water Bottle 
Pollution 

1 article per student [Web Link 1] 
[Web Link 2] 

https://www.teachingchannel.org/polymers-engineering-unit-boeing
http://www.scholastic.com/browse/article.jsp?id=3751739
http://kids.nationalgeographic.com/kids/stories/spacescience/water-bottle-pollution/
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Day 1: Why We Need a Better Plastic 

Introduction (5 minutes) 

Begin by explaining to students that they are 
going to assume the roles of engineers who 
have been hired by Premier Polymer 
Providers. Premier Polymer Providers is 
interested in producing a new kind of plastic. 
Plastics are special types of polymers made 
by humans. Polymers are molecules made up 
of repeating subunits. Many plastics can be 
harmful to the environment. Premier Polymer 
Providers wants to produce a plastic that is 
not harmful to the environment. 

As new employees, students are tasked with 
developing new polymers that are less  
harmful to the environment. Students design, 
develop, test, and improve their polymers. 

Introduce students to the Driving Question for 
this module, How can we design a 
biopolymer that is less harmful to the 
environment than plastic? Post the question 
on the Driving Question Board (DQB). 

Read the Welcome Letter on page 2 in the 
Polymers for the Planet Student Handbook 
out loud. Tell students they will work through 
the engineering design process as they 
design biopolymers for Premier Polymer 
Providers. Reference the Engineering Design 
Process graphic on page 1 in the Polymers 
for the Planet Student Handbook. It can also 
be found in Appendix A.  

Tell students that their first task as an 
engineer for Premier Polymer Providers is to 
clearly define the engineering design problem. 
Ask students to record their initial ideas 
regarding the engineering design problem on 
page 3 in the Polymers for the Planet 
Student Handbook. 

Next, tell students they need to know more 
about the engineering design problem before 
beginning design work.  

Helpful Tip 

Consider telling students that the teacher 
will be the Human Resources 
administrator. The Human Resources 
administrator will observe their work 
habits, their interaction with other 
employees, attention to detail, and safety 
on the job.  

Important Note 

The Driving Question Board is used 
throughout the module to guide student 
learning. Make sure the Driving Question 
Board is placed in a prominent location 
and can be easily accessed by students. 

NGSS Key Moment 

Engineers often refer to the engineering 
design process when they discuss their 
work. In the NGSS, the Science and 
Engineering Practices are used in place of 
the engineering design process. Students 
should understand that the engineering 
design process is not linear in practice. 
Rather, engineers engage in all of the 
steps, often jumping between steps. 
Students may want to think of the 
engineering design process as a web of 
practices. 
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Have students develop a list of questions about the design problem. Start by developing one 
question as a class, and then have students work in small groups to develop the remaining 
questions. Questions might include: 

• Why do we need a better plastic? 
• What are plastics? What are polymers? What are biopolymers? 
• How do we make a polymer? 
• What should our polymers look like? 
• What characteristics or properties should our biopolymers have? 
• How do we make a polymer that is better for the environment? 

Whole Group Discussion: Our Questions (5 minutes) 

Engage the class in a whole group discussion. 
The goal of this discussion is to categorize 
student questions into a few main categories. 
Start by having students share the questions 
developed by their small groups. Guide students 
to categorize the questions into a few main 
categories. Students should search for patterns 
in the questions. Guide the class to reach a 
class consensus about the categories. 

At a minimum, guide the class toward 
developing the following three categories, 
although additional categories might emerge: 

• Why do we need a better plastic? 

• 

• What characteristics or properties should our biopolymers have? 
• How do we develop and test biopolymers? 

Tell students that these three questions will drive their work over the next several days. In addition, 
these questions will help students answer the overarching Driving Question, How can we design 
a biopolymer that is less harmful to the environment than plastic? Post the questions on the 
DQB so students can clearly see them. Leave space under the questions to add sticky notes 

NGSS Key Moment 

Whole group discussions, particularly 
consensus discussions, can be an 
effective way to engage students in the 
science practices of argumentation and 
explanation. Leading whole group 
discussions requires proper preparation. 

Refer to the Talk Science Primer for 
useful strategies. 

http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
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Mini-Lesson: Why We Need a Better Plastic (15 minutes) 

Tell students they are going to start with the first question, Why do we need a better plastic? 
Answering this question will help students understand the client’s needs. Remind students that 
Premier Polymer Providers said their customers are unhappy with the current plastic and would 
like to use a biopolymer. When students crafted questions about the design problem, they likely 
wondered, Why are customers unhappy with the current plastic? Why do they think a 
biopolymer is a better option? Revisit these ideas, and guide students to wonder why a 
biopolymer might be necessary. 

To answer the question, Why do we need a 
better plastic? students look to some expert 
sources. Students complete a reading to 
gather information about the plastics problem. 

As students read, they should gather 
evidence from the article to answer the 
question, Why do we need a better plastic? 
Instruct students to record their evidence on 
page 4 in their Polymers for the Planet 
Student Handbook. 

This lesson includes two suggested readings 
about plastics. Readings may be assigned 
based on student reading level or students 
may be allowed to select a reading. Ensure 
students read different articles so they can 
share their findings with the rest of the class. 

• Article #1: Bag-Ban Debate
• Article #2: Water Bottle Pollution

To expand on the ideas presented in the articles, consider adding additional articles or videos 
highlighting the impact of plastic on the environment. For instance, consider showing students 
images of the "Great Pacific Garbage Patch,” which can be easily found online.  

Whole Group Discussion: Defining the Problem (5 minutes) 

Reference the question on the DQB, Why do we need a better plastic? Tell students that they 
are going to share their findings from the readings to answer this question. Remind students that 
listening carefully and connecting to their classmates’ ideas can help them arrive at a shared 
understanding of the problem. Students should identify the following problems: 

• Plastics are harmful to the environment.
• Plastics are made from petroleum products.
• Shipping plastic bags contributes to greenhouse gas emissions.
• Most plastics end up in the landfill.
• Plastics take a long time to break down.
• Recycling helps, but many people do not recycle.

NGSS Key Moment 

As students read about the problems with 
plastics, they begin to build on the idea 
that science and engineering can improve 
existing technologies to meet societal 
demands—a crosscutting concept! 

NGSS Key Moment 

Both articles address sustainability and 
the impact synthetic materials have on 
society. For an optional extension, begin 
to build ideas related to MS-PS1-3. 

http://www.scholastic.com/browse/article.jsp?id=3751739
http://kids.nationalgeographic.com/kids/stories/spacescience/water-bottle-pollution/
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Remind students that to successfully solve the 
design problem, the product they design needs 
to offer an alternative to plastics. This means 
their product needs to resolve many of the 
problems with plastics. Clue students in to the 
idea that by developing a list of the problem 
with plastics, the students have started to 
identify possible criteria for a solution. Have 
students brainstorm some of the possible 
criteria for the solution. Students may 
brainstorm criteria such as: 

• Our biopolymers should break down easily.
• Our biopolymers should not be made from petroleum products.
• Our biopolymers should be able to be used in the place of plastics.

Design Work: Defining the Problem (15 minutes) 

Now that students have a better sense of the design problem, they take a second look at defining 
the problem. Ask students to think carefully about how to define the design problem. Prompt 
students to think about the specific needs of society and the customer. Also, prompt students to 
identify any criteria or constraints for the design problem. 

Have students take a second look at articulating the design problem, criteria, and constraints on 
page 5 in the Polymers for the Planet Student Handbook. When they are finished, have students 
share their draft of Defining the Problem (Round 2) with their design team. Encourage students 
to revise and refine their definition of the design problem based in their discussions. 

In their design teams, have students write a letter back to Premier Polymer Providers. In the letter, 
students should describe their understanding of why there is a need for further work on 
biopolymers. Students should focus their ideas around human impact on the environment. 

Returning to the Driving Question Board (5 minutes) 

Reference the lesson question on the DQB, Why do we need a better plastic? Ask students if 
they think they made progress in answering the question. Tell students to record their progress on 
a sticky note. They should answer the question with as much evidence as they can. Students can 
use evidence from the articles and class discussions. When students are finished, have them read 
their sticky notes out loud to the class and post them to the DQB. 

Extension 

Elif Bilgin, a young Turkish engineer, has already started to address the problem with plastics. 
Students can use Elif’s story as a model for the engineering design process. A video of Elif’s 
story can be found here. 

NGSS Key Moment 

Students should be making progress in 
defining the problem, and realizing that 
design solutions are limited by criteria and 
constraints. Continually reinforce the idea 
of defining a problem and clearly 
articulating criteria and constraints. 

http://www.santacruzwaves.com/videos/teen-girl-invents-way-to-make-bio-plastic-from-banana-peels/
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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 comparing Round 1 and
Round 2 of Defining the Problem.

• Student letters written to Premier Polymer Providers can be used as a formative
assessment of student progress on the key science and engineering practices, disciplinary
core ideas, and crosscutting concepts identified for this lesson.

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 

With modifications, the Welcome Letter can make connections to local companies that might use 
polymers. Identify and talk about any local companies in the region who do similar work with 
polymers. An additional discussion may be added to reflect on the local use of plastic bags and 
water bottles. Emphasize local efforts to minimize use of plastic bags and water bottles. 

Suggested Teacher Resources 

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

Polymers for the Planet Student Handbook [Resource Link] 

Bag-Ban Debate (article) [Web Link] 

Water Bottle Pollution (article) [Web Link] 

One Word: Plastics (visual reference) [Web Link] 

Smart Plastics Guide (seven categories of plastics) [Resource Link] 

A Guide to Common Household Plastics [Web Link] 

Elif Bilgin Video [Video Link] 

Talk Science Primer [Web Link] 

https://www.teachingchannel.org/polymers-engineering-unit-boeing
http://www.scholastic.com/browse/article.jsp?id=3751739
http://kids.nationalgeographic.com/kids/stories/spacescience/water-bottle-pollution/
http://archive.theplastiki.com/wp-content/uploads/2010/06/plastiki-_Plasticresincodes_RGB.jpg
https://www.teachingchannel.org/polymers-engineering-unit-boeing
http://www.compoundchem.com/wp-content/uploads/2015/04/Guide-to-Common-Plastics-RECYCLING-CODES.pdf
http://www.santacruzwaves.com/videos/teen-girl-invents-way-to-make-bio-plastic-from-banana-peels/
http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf



