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Science and Innovation 
A Boeing/Teaching Channel Partnership 

The Boeing Company and Teaching Channel teamed in 2014 to create problem-based curricula inspired by 
science and engineering innovations at Boeing and informed by globally competitive science, math, and 
literacy standards. This two-week curriculum module and the companion video series are designed to help 
teachers in grades 4–8 integrate the engineering design process, aligned to science standards, into their 
classrooms. The collection of Teaching Channel curricula is one part of a collection of K–12 education 
resources intended to mark Boeing’s centennial anniversary and prepare the next generation of innovators. 

The materials created by this collaboration were taught by the authoring teachers in Puget Sound and 
Houston, and in 2015, a second group of teachers taught the lessons and provided feedback to improve 
the modules. As part of a second iteration of the modules, the senior science editor at Teaching Channel 
worked with Achieve to integrate the teachers’ feedback while more closely aligning the modules to The 
Next Generation Science Standards (NGSS) call for significant shifts in the way science is taught and 
learned. In 2016, a panel of science experts from around the country convened for a two-day training with 
Achieve to learn how to incorporate the Educators Evaluating the Quality of Instructional Products (EQuIP) 
Rubric for Science. As part of the iterative process of improvement, the expert reviewers then completed 
an EQuIP Rubric for each module. Teaching Channel’s senior science editor combined the reviewers input 
to create a third iteration of the modules that promotes a close alignment to standards while honoring the 
original expertise of the authoring teachers and engineers. 

Partners at both the University of Washington’s Institute for Science and Math as well as Educate Texas 
were instrumental in teacher recruitment for this project. Teachers and engineers in the project received 
training from learning scientists at the University of Washington’s Institute for Science and Math Education, 
led by Dr. Philip Bell. He and his team also created a design template to support curricula development to 
promote alignment to standards and research on science learning and teaching. 

Please note that the resource links provided in these lessons are intended as helpful illustrations to teachers adapting the unit for 
their classrooms and are not an endorsement of specific products or organizations. 

http://www.achieve.org/
http://www.nextgenscience.org/get-to-know
http://www.nextgenscience.org/resources/equip-rubric-lessons-units-science
http://www.nextgenscience.org/resources/equip-rubric-lessons-units-science
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Polymers for the Planet 
Background and Overview 

Materials science is the study of elements and compounds, and their uses in everyday 
life. Some compounds, called polymers, possess unique properties and have been used 
as substitutes for other materials. Plastics are a special type of polymer commonly used 
in consumer products. Plastics are often made from nonrenewable petroleum products 
and do not biodegrade. This results in plastic trash build up in oceans, landfills, and 
landscapes. 

In this module, students design a biopolymer to be used as an alternative to plastics. 
Students engage in the engineering design process as they define the design problem, 
develop and test possible solutions, and optimize their solution. Through their work 
developing biopolymers, students figure out that combining two or more substances 
results in a new substance with different properties. In addition, students consider ways 
individuals and communities use science ideas to protect Earth’s resources and 
environment.  

Module Overview 

At the beginning of the module, students 
are presented with the challenge of 
creating a biopolymer that is better for the 
environment than plastic. To figure out 
why a biopolymer is needed and why 
plastics pose a problem to the 
environment, students read articles that 
discuss the problem with plastics and 
consider ways individuals and 
communities can use science ideas to 
protect Earth’s resources. 

 

 

 

After defining the design problem, students wonder what characteristics or properties their biopolymers 
should have. Students make close observations of different types of plastics to identify desirable 
characteristics and properties. After selecting one plastic to use as a model for their biopolymer, students 
outline a list of criteria for their biopolymer based on the characteristics and properties of the model plastic. 

Students continue the design process by selecting materials to use in their biopolymer formula. Students 
make close observations of the potential ingredients, and select ingredients based on their characteristics 
and properties. Using a formula that they designed, students create a prototype biopolymer. 

Through a series of controlled tests, students make close observations and measurements of the 
characteristics and properties of their biopolymer. They find that the characteristics and properties of the 
biopolymer do not necessarily match the characteristics and properties of the materials used to make the 
biopolymer. Students propose optimization plans to improve their biopolymer. In an optional extension, 
students carry out their optimization plans.  

After testing their biopolymers, students share their findings. Students present their progress in the 
engineering design process and their optimization plans. 

Module Authors 

 Jessica Levine, 6th Grade Teacher, Eckstein
Middle School, Seattle Public Schools

 Kay Blohowiak, Boeing Engineer, Seattle, WA
 Jill Seebergh, Boeing Engineer, Seattle, WA
 Kate Cook Whitt, Teaching Channel Senior

Science Editor
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Polymers for the Planet 
Background and Overview 

Engineering Design in the Module 

Biopolymers are made of renewable materials and may decompose differently than petroleum-based 
plastics. In this module, students work in a lab-based workshop to develop a biopolymer recipe, create the 
biopolymer prototype, test for various properties, and then redesign their recipe. Students record and 
document their engineering process and iterative design in a notebook.  

Sequencing 

Polymers for the Planet is intended as a 5th-grade engineering and physical science module. This module 
is designed to help students make progress on five performance expectations: 3-5-ETS1-1, 3-5-ETS1-3, 5-
PS1-3, 5-PS1-4, and 5-ESS3-1. The performance expectations address the engineering design process, 
the structure and properties of matter, and human impact on the environment. 

Within the 5th-grade year, this module can be used at any point throughout the development of 5-PS1-3 
and 5-PS1-4, which both address the Structure and Properties of Matter. Ideally, students should have had 
some exposure to 5-ESS3-1 prior to beginning this module. Students should have already mastered the 
performance expectations, disciplinary core ideas, science and engineering practices, and 
crosscutting concepts included in 2nd-grade Physical Science and Engineering Design. 

• Students should have mastered 2-PS1-1, 2-PS1-2, and 2-PS1-3. All three of these performance
expectations address the Structure and Properties of Matter (PS1.A). Ideally, students should
already have had exposure to 5-PS1-1 and figured out that matter is made of particles that are too
small to be seen.

• Beyond the Physical Science performance expectations, students should have already
demonstrated deep conceptual understanding for all of the K-2 Engineering Design performance
expectations and associated science and engineering practices, disciplinary core ideas, and
crosscutting concepts.

• Students should have made grade-appropriate progress on the following science and engineering
practices: Asking Questions and Defining Problems, Planning and Carrying out Investigations, and
Constructing Explanations and Designing Solutions.

• Students should also have made grade-appropriate progress on the following crosscutting
concepts: Influence of Science, Engineering, and Technology on Society and the Natural World, and
Cause and Effect.

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.

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.

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.

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

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/5ps1-matter-interactions
http://www.nextgenscience.org/5ps1-matter-interactions
http://www.nextgenscience.org/5ps1-matter-interactions
http://www.nextgenscience.org/dci-arrangement/5-ess3-earth-and-human-activity
http://www.nextgenscience.org/2ps1-matter-interactions
http://www.nextgenscience.org/2ps1-matter-interactions
http://www.nextgenscience.org/2ps1-matter-interactions
http://www.nap.edu/read/13165/chapter/9#110
http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/k-2ets1-engineering-design
http://www.nap.edu/read/13165/chapter/7#54
http://www.nap.edu/read/13165/chapter/7#59
http://www.nap.edu/read/13165/chapter/7#67
http://www.nap.edu/read/13165/chapter/12#212
http://www.nap.edu/read/13165/chapter/8#87
http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/dci-arrangement/5-ess3-earth-and-human-activity
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Polymers for the Planet 
Connecting to the Next Generation Science Standards 

The lessons and activities outlined in this module are one step in the learning progression toward reaching 
the performance expectations listed below. Additional supporting lessons and activities will be required. 

Specific connections between the performance expectations, three dimensions, and classroom activities 
are articulated at the beginning of each lesson. 

Performance Expectations 

The lessons and activities in this module contribute 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.
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.

The lessons and activities in this module contribute 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.
5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to
protect Earth’s resources and environment.

Dimension NGSS Element 

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.
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.

Important Note 

The grade level and associated performance expectations, disciplinary core ideas, science and 
engineering practices, and crosscutting concepts identified throughout the module were selected to 
align with the Next Generation Science Standards. In classrooms using local or state standards, this 
module may fall within a different grade band and may address different standards. Teachers should 
adapt this module to meet local and state needs. 

Furthermore, teachers should adapt the module to extend student learning to additional grade levels, 
performance expectations, disciplinary core ideas, science and engineering practices, and 
crosscutting concepts to meet student needs.  

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/dci-arrangement/5-ess3-earth-and-human-activity
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• Make observations and/or measurements to produce data to serve as the basis for
evidence for an explanation of a phenomenon or test a design solution.

Constructing Explanations and Designing Solutions 
• Generate and compare multiple solutions to a problem based on how well they meet the

criteria and constraints of the design problem.
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.

• Communicate scientific and/or technical information orally and/or in written formats,
including various forms of media as well as tables, diagrams, and charts.

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.

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.
• At whatever stage, communicating with peers about proposed solutions is an important

part of the design process, and shared ideas can lead to improved designs.
• Tests are often designed to identify failure points or difficulties, which suggest the elements

of a design that need to be improved. 
ETS1.C: Optimizing the Design Solution 
• Different solutions need to be tested in order to determine which of them best solves the

problem, given the criteria and the constraints.
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.
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.

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.
• Engineers improve existing technologies or develop new ones to increase their benefits,

decrease known risks, and meet societal demands.
Patterns 
• Similarities and differences in patterns can be used to sort, classify, communicate and

analyze simple rates of change for natural phenomena and designed products.
Cause and Effect 
• Cause-and-effect relationships are routinely identified, tested, and used to explain change.
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Middle School Extensions 
This module can be adapted to align with middle school performance expectations. Throughout the module, 
suggestions are offered to support the reworking of this unit in to a middle school unit. 

To adapt 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. 
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. 

Additional learning experiences and extensions to existing learning experiences will be necessary to adequately 
meet the performance expectations listed above. 

Teachers may choose to further adapt this module 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. 

Connections to the Common Core State Standards 

In addition to connecting to the Next Generation Science Standards, this module can support 
student growth in multiple Common Core State Standards. This module can be easily adapted to 
support growth in the following standards:  

English Language Arts 

 CCSS.ELA-Literacy.RI.5.2: Determine two or more main ideas of a text and explain how
they are supported by key details; summarize the text.

 CCSS.ELA-Literacy.SL.5.1: Engage effectively in a range of collaborative discussions (one-
on-one, in groups, and teacher-led) with diverse partners on grade 5 topics and texts,
building on others' ideas and expressing their own clearly.

 CCSS.ELA-Literacy.SL.5.4: Report on a topic or text or present an opinion, sequencing
ideas logically and using appropriate facts and relevant, descriptive details to support main
ideas or themes; speak clearly at an understandable pace.

Mathematics 

 CCSS.Math.Content.5.MD.A.1: Convert among different-sized standard measurement units
within a given measurement system (e.g., convert 5 cm to 0.05 m), and use these
conversions in solving multi-step, real world problems.

http://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
http://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
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
http://www.corestandards.org/ELA-Literacy/RI/5/2/
http://www.corestandards.org/ELA-Literacy/SL/5/1/
http://www.corestandards.org/ELA-Literacy/SL/5/4/
http://www.corestandards.org/Math/Content/5/MD/A/1/


Science and Innovation Polymers for the Planet 

Copyright ©2016 7 

Polymers for the Planet 
Module Storyline 

This module is designed as a coherent set of learning experiences that motivate a progressive building of 
understanding of disciplinary core ideas, science and engineering practices, and crosscutting concepts. 
The following storyline demonstrates how ideas are built across the lessons. You may find it helpful to 
continually reference the storyline to help frame lessons. 
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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

0 

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
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Polymers for the Planet 
Day 2: Characteristics and Properties of Polymers/Plastics 

Grade Level Grade 5 

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

Lesson Overview 

In this lesson, students make close observations of seven different types of household plastics. 
Students identify the characteristic and properties of the plastics through their observations. At 
the end of the lesson, students select one type of plastic to “mimic” in their design work. They 
identify specific criteria for their biopolymer based on their observations of the characteristics and 
properties of the model plastic. 

Connecting to the Next Generation Science Standards 

On Day 2, 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

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

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. 

Specific Connections to Classroom Activity 
In this lesson, students observe common household plastics to identify the characteristics and properties of 
plastics. Through this activity, students identify the features of plastics that are important to society. Next, 
students select one type of plastic to mimic in their biopolymer design work. Using the characteristics and 
properties of the selected plastic, students develop a list of specified criteria for their design. 

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/5spm-structures-properties-matter
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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 
• Make observations and/or measurements to 

produce data to serve as the basis for
evidence for an explanation of a
phenomenon or test a design solution. 

In this lesson, students continue to define 
the design problem for the module when 
they observe the properties and 
characteristics of existing plastics. 

Students identify the characteristics and 
properties of the type of plastic that they 
want to mimic in their design work. The 
observed characteristics and properties 
become a list of criteria for their design 
work. 

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. 

Prior to beginning their design work, 
students conduct research on existing 
plastics. They pay close attention to the 
characteristics and properties of existing 
plastics that make them useful to society. 
Students identify the characteristics and 
properties of the type of plastic that they 
want to mimic in their design work. The 
observed characteristics and properties 
become a list of criteria for their design 
work. 

Students begin thinking about PS1.A as 
they identify properties and characteristics 
of existing plastics. 

Crosscutting 
Concepts 

Influence of Science, Engineering, and 
Technology on Society and the Natural World 
• Engineers improve existing technologies or

develop new ones to increase their benefits,
decrease known risks, and meet societal 
demands.

Patterns 
• Similarities and differences in patterns can 

be used to sort, classify, communicate and
analyze simple rates of change for natural 
phenomena and designed products. 

Students observe existing plastics to try to 
make improvements on them. Students 
identify the characteristics and properties of 
existing plastics that make them useful to 
society so they can mimic the 
characteristics and properties in their design 
work. 

Students observe the similarities and 
differences of seven different plastics. 

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-PS1-3: Gather and makes sense of information to describe that synthetic materials come from 
natural resources and impact society. 

To meet the performance expectations, students would need to examine the atomic composition of materials 
used to make plastics (crude oil, natural gas, salt, and so forth) and the atomic composition of the plastics. 
Students should consider the ways by which the natural resources combined to make synthetic materials. 
Students should also consider how the use of natural resources and creation of plastics impacts society. 

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 

This lesson introduces students to the seven types of commonly found plastics, along with each 
plastic’s proliferation and use in our world. Several different examples of the plastics from all 
seven categories must be available so students have several options to choose from during their 
exploration. Students can be asked to bring additional plastic samples from home. Reference 
cards based on the provided document links should be made ahead of time. 

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 2 documents can be found on pages 6–10 in the 
Polymers for the Planet Student Handbook. The documents used in this lesson are: 

• Characteristics and Properties of Polymers/Plastics (pages 6–9)
• Small Group Design Work: Identifying Design Criteria (page 10)

Required Preparation Links/Additional Information 

 Gather examples of all seven types of
commonly used plastics to bring to class;
encourage students to bring examples

Refer to the Materials List for this lesson 

 Create seven informational reference cards,
one for each type of plastic

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

Materials List 

Item 
Description/Additional 

Information Quantity 
Where to 

Locate/Buy 

Various plastic 
examples 

Be sure to have examples of all 
seven types of plastics 
commonly used in packaging 

Numerous 
examples—enough 
variety for class use 

Students and/or the 
teacher can bring 
samples from home 

Informational 
cards about the 
seven types of 
plastics 

• PETE (soda and water
bottles, mouthwash bottles,
some shampoo bottles)

• HDPE (milk cartons,
detergent bottles, yogurt
tubs, grocery bags)

• V (plastic food packaging,
squeezable bottles)

• LDPE (bread bags, frozen
food bags, squeeze bottles)

• PP (ketchup bottles, some
yogurt tubs)

• PS (meat trays, egg cartons,
cups and plates) 

• Other

One card for each 
table (seven cards 
total) 

A visual reference to 
use while creating 
your own reference 
cards can be 
accessed here: 
[Image Link] 

You may use the 
resource cards from 
the Smart Plastics 
Guide and the Guide 
to Common 
Household Plastics or 
use the linked 
resources to develop 
your own. 

http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
http://archive.theplastiki.com/wp-content/uploads/2010/06/plastiki-_Plasticresincodes_RGB.jpg
http://www-tc.pbs.org/strangedays/pdf/StrangeDaysSmartPlasticsGuide.pdf
http://www-tc.pbs.org/strangedays/pdf/StrangeDaysSmartPlasticsGuide.pdf
http://www.compoundchem.com/wp-content/uploads/2015/04/Guide-to-Common-Plastics-RECYCLING-CODES.pdf
http://www.compoundchem.com/wp-content/uploads/2015/04/Guide-to-Common-Plastics-RECYCLING-CODES.pdf
http://www.compoundchem.com/wp-content/uploads/2015/04/Guide-to-Common-Plastics-RECYCLING-CODES.pdf
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Day 2: Characteristics and Properties of Our Biopolymers 

Introduction (5 minutes) 

Begin the lesson by referencing the DQB. 
Remind students that the Driving Question for 
the module is, How do we design a 
biopolymer that is less harmful to the 
environment than plastic? On Day 1, students 
made progress on answering the first question, 
Why do we need a better plastic? On Day 2, 
students think more deeply about the second 
question, What characteristics or properties 
should our biopolymers have? 

Tell students that their goal today is to try to 
figure out what characteristics and properties 
make plastics useful to society. As engineers, 
the students need to know the specific 
characteristics and properties of plastics that 
make plastic useful to society so they can re-
create these characteristics and properties in 
their biopolymers. 

Investigation: Characteristics and Properties of Our Biopolymers (20 
minutes) 
On separate tables in the room, place samples 
for one of the seven types of plastics, resulting 
in seven “stations.” Each station should include 
a resource card noting background information 
about that type of plastic. You may use the 
resource cards from the Smart Plastics Guide 
and the Guide to Common Household Plastics, 
or use the resource links to develop your own. 

Students should visit each station and make 
observations. Their goal is to make 
observations about the specific characteristics 
and properties of each type of plastic, and 
compare the different types of plastics. Later, 
they use this information to try to mimic the 
characteristics and properties of plastics in their 
biopolymer. 

NGSS Key Moment 

Lesson 2 accomplishes two important 
goals: 

 First, students practice identifying
the characteristics and properties
of materials, an important step in
5-PS1-3.

 Second, students use their
observations of the properties of
materials to determine the criteria
and constraints for their design
problem, an important step in 3-5-
ETS1-1.

Web Resources 

Refer to the following visuals during 
preparation: 

 One Word: Plastics! [Web Link]

 Guide to Common Household
Plastics [Web Link]

 Smart Plastics Guide [Web Link]

 The Polymer Party [YouTube Link]

http://www-tc.pbs.org/strangedays/pdf/StrangeDaysSmartPlasticsGuide.pdf
http://www.compoundchem.com/wp-content/uploads/2015/04/A-Guide-to-Common-Plastics.pdf
http://archive.theplastiki.com/wp-content/uploads/2010/06/plastiki-_Plasticresincodes_RGB.jpg
http://www.compoundchem.com/wp-content/uploads/2015/04/Guide-to-Common-Plastics-RECYCLING-CODES.pdf
http://www-tc.pbs.org/strangedays/pdf/StrangeDaysSmartPlasticsGuide.pdf
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Students should look at the samples, read the key descriptions on the cards, and then record the 
characteristics and properties of each plastic on pages 6 through 9 in their Polymers for the 
Planet Student Handbook. Students should pay close attention to the similarities and differences 
among the plastics. 

Whole Group Discussion: What Characteristics and Properties Should 
Our Biopolymers Have? (10 minutes) 
Lead the class in a consensus-building 
discussion. The goal of the discussion is to 
figure out the characteristics and properties 
that all plastics share, and the differences 
among the various types of plastics. 

Start by asking students to share some of their 
observations about characteristics and 
properties that are common to all plastics. 
Next, have students share their observations 
about characteristics and properties that are  
unique to each type of plastic. Students should be searching for patterns of similarities and 
differences among the plastics. Keep track of the observations using a graphic organizer on the 
board. 

Tell students that by making careful observations of the plastics, they began to identify some of the 
criteria for their biopolymers. Remind students that their biopolymers should mimic existing 
plastics so they can serve the same purposes for society. As a class, brainstorm some of the 
criteria for all of the biopolymers. These criteria should match the characteristics and properties 
that students reported for all plastics. 

Design Work: Identifying Design Criteria (10 minutes) 

Have students assemble into their small group design teams. Tell students that they are going to 
pick one of the household plastics as a model plastic to mimic with their biopolymer. Have the 
small group select their plastic and record it on page 10 in their Polymers for the Planet Student 
Handbook. Next, have students develop a list of criteria for their biopolymer. Tell students that 
their criteria should match their observations about the characteristics and properties of their 
model plastic. 

NGSS Key Moment 

Determining the similarities and 
differences among various types of 
plastics is an example of an activity in 
which students practice finding patterns, 
one of the crosscutting concepts! 

Extension 

As an optional extension, have students test the tensile strength and elongation (see Days 6 
and 7) of the plastics. This will help students determine the necessary tensile strength and 
elongation for their biopolymers. 
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Returning to the Driving Question Board (5 minutes) 

Reference the lesson question on the DQB, What characteristics or properties should our 
biopolymers have? Ask students if they think they made progress in answering the questions. Tell 
students to record their progress on sticky notes. When students are finished, they should read 
their sticky notes out loud to the class and post them to the DQB. 

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.

• Use student observations (pages 6–9) to assess student progress on key science and
engineering practices and crosscutting concepts.

• Focus specifically on student work identifying design criteria (page 10) as an assessment
of disciplinary core ideas 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 

The plastics used in the investigation could be from local organizations or commonly used 
products in the local community. When students select a plastic to mimic, they may want to select 
a plastic that is particularly important to the local community. 

Extension 

After discussing the plastics, share The Polymer Party (video) that provides more information 
about polymers. You may also choose to share the BrainPop: Plastics (video) and the Big 
Question: Can We Make Plastics Sustainable? (video) from the University of Minnesota. 

https://www.youtube.com/watch?v=SgWgLioazSo
https://www.brainpop.com/technology/scienceandindustry/plastic/preview.weml
https://www.youtube.com/watch?feature=player_embedded&v=RxGjh8h7ln0
https://www.youtube.com/watch?feature=player_embedded&v=RxGjh8h7ln0
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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] 

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

Smart Plastics Guide [Web Link] 

A Guide to Common Household Plastics [Web Link] 

The Polymer Party (video) [YouTube Link] 

BrainPop: Plastic [Web Link] 

Big Question: Can We Make Plastics Sustainable? [Web Link] 

Talk Science Primer [Web Link] 

https://www.teachingchannel.org/polymers-engineering-unit-boeing
http://archive.theplastiki.com/wp-content/uploads/2010/06/plastiki-_Plasticresincodes_RGB.jpg
http://www-tc.pbs.org/strangedays/pdf/StrangeDaysSmartPlasticsGuide.pdf
http://www.compoundchem.com/wp-content/uploads/2015/04/Guide-to-Common-Plastics-RECYCLING-CODES.pdf
https://www.youtube.com/watch?v=SgWgLioazSo
https://www.brainpop.com/technology/scienceandindustry/plastic/preview.weml
https://www.youtube.com/watch?feature=player_embedded&v=RxGjh8h7ln0
https://www.youtube.com/watch?feature=player_embedded&v=RxGjh8h7ln0
http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
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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
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Polymers for the Planet 
Days 4 and 5: How to Make Prototype Biopolymers 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions 

Lesson Overview 

On Day 4, student teams execute their test plans for making the biopolymer formulations they 
selected and defined on Day 3. Teams work together to fabricate prototype biopolymers, which 
involves measuring and mixing the materials, heating and forming the mixtures, and letting them 
dry. Teams record measurements, observations, and outcomes in their Polymers for the Planet 
Student Handbooks. 

Connecting to the Next Generation Science Standards 

On Days 4 and 5, students make progress toward developing understanding across the following 
three dimensions: 

• Science and Engineering Practices: Planning and Carrying Out Investigations
• Disciplinary Core Ideas: 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 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 
In this lesson, students make significant progress in figuring out that mixing two or more substances results in 
new substances. In the previous lesson, students identified the properties and characteristics of the materials in 
their biopolymer formula. In this lesson, students make observations about the properties of the resulting 
biopolymer. Often, students are surprised to find the properties of the biopolymer and the materials used to 
make it might not match! 

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 the previous lesson, students selected the 
materials to use in an investigation. In this 
lesson, students combine the materials to 

http://www.nextgenscience.org/5spm-structures-properties-matter
http://www.nextgenscience.org/5spm-structures-properties-matter
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in which variables are controlled and the 
number of trials is considered. 

make a new product. Students observe the 
product. 

Students do not plan the investigation, 
although they conduct it collaboratively. 
Students do not consider the controlled 
variables or the number of trials in this 
investigation. 

Disciplinary 
Core Ideas 

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 observe the materials used in their 
biopolymer formula and compare their 
observations to the observations of the 
biopolymer. They find out that the 
characteristics and properties of the reactant 
materials are not necessarily the same as the 
product biopolymer. 

Crosscutting 
Concepts 

Cause and Effect 
• Cause-and-effect relationships are

routinely identified, tested, and used to
explain change.

Students figure out that when they mix two 
substances together it causes the formation 
of a new substance with different properties. 

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 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. 

Basic Teacher Preparation 

In this lesson, students begin important design and testing work connected to the main design 
challenge. To create their biopolymers, students access various materials and equipment. All 
materials must be set up ahead of time. Experiment with creating 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. Day 4 and 5 documents can be found on pages 17 and 18 in the 
Polymers for the Planet Student Handbook. The documents used in this lesson are: 

• Prototype Biopolymers (page 17)
• Our Observations (page 18)

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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Be sure to prepare students for this lesson with appropriate safety precautions. Students should 
wear goggles, gloves, and closed toe shoes. Consider having students wear lab aprons, if 
available. Inviting additional adults into the classroom to monitor student work may contribute to 
increased student safety. 

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 

 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

 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

 Prepare lab equipment for each group:
 250 ml glass beaker
 Glass stirring rod
 Hot plate
 Safety goggles
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 Graduated cylinders (precise enough to
measure to 5 ml)

 Pipettes
 Balance, weigh boats.
 Molds
 Wooden ice pop sticks, 10
 Release film (can use parchment paper,

silicon baking mat, silicon cutting board)
 Tape
 Petri dishes

Materials List 

Item 
Description/Additional 

Information Quantity 
Where to 

Locate/Buy 

Table salt 1 lb container Varies with class 
size 

[Web Link] 

500ml beaker 1 per group [Web Link] 

Glass stirring rod 1 per group [Web Link] 

Hot plate 1 per group [Web Link] 

Safety goggles 1 per student [Web Link] 

10ml graduated 
cylinder 

1 per group [Web Link] 

Pipettes 1 per group [Web Link] 

Scale or balance 1 per group [Web Link] 

Weigh boats At least 1 per group [Web Link] 

Petri dish or small 
square lids (from 
butter dishes) for 
molds 

Only needed if you do not use 
the wooden stick mold 

At least 1 per group [Web Link] 

Wooden sticks for 
molds 

Only needed if you do not use 
the petri dish 

10 per group [Web Link] 

Release film At least 2 per group [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] 

http://www.amazon.com/Morton-Salt-Iodized-26/dp/B000Q3CJGO/ref=sr_1_4?s=grocery&ie=UTF8&qid=1432773650&sr=1-4&keywords=salt
http://www.amazon.com/213D26-Karter-Scientific-Griffin-Beaker/dp/B006VYXZ88/ref=sr_1_1?s=industrial&ie=UTF8&qid=1464232859&sr=1-1&keywords=500+ml+beaker
http://www.amazon.com/Scientific-Strategies-Glass-Stir-Rod/dp/B007CL8ERG/ref=sr_1_3?s=industrial&ie=UTF8&qid=1432774295&sr=1-3&keywords=glass+stirring+rod
http://www.amazon.com/Ajax-Scientific-Stainless-Single-Hotplate/dp/B00EPQ2VEI/ref=sr_1_24?m=ATVPDKIKX0DER&s=industrial&ie=UTF8&qid=1432774826&sr=1-24&keywords=hot+plate
http://www.amazon.com/3M-Protection-Chemical-Splash-Impact/dp/B00467C7AE/ref=sr_1_3?s=industrial&ie=UTF8&qid=1432775026&sr=1-3&keywords=safety+googles
http://www.amazon.com/SEOH-Graduated-Cylinder-Glass-10ml/dp/B0018QCFLM/ref=sr_1_2?s=industrial&ie=UTF8&qid=1432775089&sr=1-2&keywords=graduated+cylinders+10ml
http://www.amazon.com/Plastic-Transfer-Pipettes-Gradulated-Pack/dp/B005IQTSE0/ref=sr_1_1?s=industrial&ie=UTF8&qid=1432775149&sr=1-1&keywords=pipettes
http://www.amazon.com/Smart-Weigh-SWS100-Digital-Pocket/dp/B00EPO9M2Y/ref=sr_1_4?s=industrial&ie=UTF8&qid=1432775215&sr=1-4&keywords=digital+scale
http://www.amazon.com/SEOH-Plastic-Square-Weigh-Boats/dp/B001AEBQW6/ref=sr_1_2?s=industrial&ie=UTF8&qid=1432775287&sr=1-2&keywords=weigh+boats
http://www.amazon.com/Petri-Dish-100-15Mm-20/dp/B0015T0LZO/ref=sr_1_1?s=industrial&ie=UTF8&qid=1432775511&sr=1-1&keywords=petri+dish
http://www.amazon.com/Perfect-Stix-Wooden-Sticks-Length/dp/B009EE2VIW/ref=sr_1_1?s=industrial&ie=UTF8&qid=1432775564&sr=1-1&keywords=popsicle+sticks
http://www.amazon.com/Hamburger-Patty-Paper-Sheets-Single/dp/B001CDTZYQ/ref=sr_1_1?s=industrial&ie=UTF8&qid=1432775623&sr=1-1&keywords=parchment+paper
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
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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] 

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/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
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 4: How to Make Prototype Biopolymers 

Introduction (10 minutes) 

Instruct students to sit with their teams. Review the formulas they defined in the previous lesson. 
Set the tone and expectations for the work that occurs during this lesson, with a special emphasis 
on safety procedures. 

Teams retrieve the materials they need for today’s work. If possible, have a lab station set up for 
each team ahead of time. Once students are seated, review the lab safety protocols and disposal 
guidelines again. This is especially important as students work with hotplates and boiling 
substances. 

Establish a labeling system so each petri dish or wooden stick mold and its samples are clearly 
identified. For example, each sample could include each student’s name (or team name), class 
period, and so forth. Use a permanent marker or grease pen. 

Design Work: Creating Biopolymers (30 minutes) 

Today is an important lab preparation day. Here is an overview of the recommended protocols. 

• Make sure students are prepared to work carefully.
• Review the safety guidelines for working with the materials, heating glassware, and using

acids.
• Guide students as they begin to create their formulas according to their plan from the

previous lesson.

The student teams’ lab procedures (on page 
17) in the student handbook) are:

1. Put your goggles on!
2. Follow your formula and mix the

contents in a beaker.
3. Turn the hotplate on high.
4. Set the beaker on the hotplate.
5. Stir the mixture continuously as it

begins to gel and get sticky.

6. Continue to heat the mixture until it
boils.

7. Continue to heat the mixture for
another minute.

8. Pour your mixture into a test coupon
mold of your choice:

o Petri dish
o Wooden stick mold

Helpful Tip 

Depending on the students’ skill levels, 
consider assisting students in removing 
the hot polymer mixture from the hot plate 
and pouring it into the molds. 

Video Link 

Watch this video for more information. 

 Wooden Stick Mold [Resource
Link]

https://www.teachingchannel.org/polymers-engineering-unit-boeing
https://www.teachingchannel.org/polymers-engineering-unit-boeing
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Students who choose the wooden stick mold 
should: 

1. Arrange four sticks in a square.
2. Tape the sticks onto the release film.
3. Pour the mixture into the square.
4. “Doctor blade” the mixture by pulling

another wooden stick across the top of
the mold to make a smooth layer.

Teams should label each sample according to 
the previously established protocol. Ideally, the 
polymers should sit to cure and dry a minimum 
of three days. 

Mini-Lesson: Making Observations (5 minutes) 

After pouring the mixture into the mold, instruct students to make observations about their 
biopolymer mixtures. Remind students that some of the properties and characteristics might 
change after the mold cools and hardens. Have students reflect on the properties and 
characteristics of their biopolymer mixtures using the prompts on page 18 in the Polymers for the 
Planet Student Handbook. 

Lesson Close (5 minutes) 

Manage lab time so teams can finish their work, have a few minutes to clean up their workspace, 
and return lab materials to the appropriate storage areas. Check to ensure all Petri dish samples 
are appropriately labeled and stored. 

If time allows, ask the class as a whole to reflect on any challenges or successes they experienced 
during the lab. Also, spend time sharing initial observations of the properties and characteristics of 
the biopolymers. 

Helpful Tip 

The pilot teacher for this module found it 
helpful to make several example 
biopolymers prior to Day 4. That way, 
students could still test biopolymers, even 
if they were unable to pour a biopolymer. 

NGSS Key Moment 

At this point, students should begin to see that their biopolymer mixture has different 
properties than the materials they used to make the mixture. They should start to question 
their decision to use materials that have the desired characteristics or properties. This is an 
important step in figuring out 5-PS1.4 because students begin to see that mixing two 
substances can result in a new substance with different properties. 
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Day 5: How to Make Prototype Biopolymers 

Design Work: Creating Biopolymers, Day 2 (50 minutes) 

Repeat the Day 4 sequence of steps to 
provide students another day to prepare their 
biopolymer formulations and to test on more 
than one data point. 

Images from Days 4 and 5 

Images provided by Rita Martin. 

Helpful Tip 

Days 4 and 5 involve a great deal of lab 
work. Consider inviting other teachers, 
administrators, parents, or engineers to 
your class to assist with the lab work. 

Extension 

If time permits, engage students by showing them what chemical engineers do for a living 
using online videos, such as Cool Careers: Chemical Engineers [Video Link] and Chemical 
Engineer: Profiles of Scientists and Engineers. [YouTube Link] 

https://drive.google.com/file/d/0B4pIoTP3gZCkYkNnM29CLXppN3M/view?usp=sharing
https://www.youtube.com/watch?v=k-7B_YfHWXQ


Science and Innovation Polymers for the Planet 

Copyright ©2016 42 

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 student reflections and
observations of the biopolymer on page 18 in the Polymers for the Planet Student
Handbook.

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 chemical engineers are willing to be guests in the classroom, students can connect to their work 
and better understand how they contribute to the community. If parents, administrators, or other 
teachers are willing to be guests in the classroom, they may help with classroom management 
during lab work.  

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] 

Wooden Stick Mold (video) [Resource Link] 

Biopolymers [YouTube Link] 

Cool Careers: Chemical Engineers [Video Link] 

Chemical Engineer: Profiles of Scientists and Engineers [YouTube Link] 

https://www.teachingchannel.org/polymers-engineering-unit-boeing
https://www.teachingchannel.org/polymers-engineering-unit-boeing
https://www.youtube.com/watch?v=Coq3rf7skYY
https://drive.google.com/file/d/0B4pIoTP3gZCkYkNnM29CLXppN3M/view?usp=sharing
https://www.youtube.com/watch?v=k-7B_YfHWXQ
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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
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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. 
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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 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 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
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Polymers for the Planet 
Day 8: Sharing Our Findings 

Grade Level Grade 5 

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

Lesson Overview 

Students review the data and findings compiled during their qualitative observations and 
quantitative testing trials. Design teams share their findings with the rest of the class. Using their 
own data and data from other design teams, students develop a plan for optimizing, or improving, 
their biopolymer formula. 

Connecting to the Next Generation Science Standards 

On Day 8, students make progress toward developing understanding across the following three 
dimensions: 

• Science and Engineering Practices: Constructing Explanations and Designing Solutions,
Obtaining, Evaluating, and Communicating Information

• Disciplinary Core Ideas: ETS1.B Developing Possible Solutions, ETS1.C Optimizing the
Design Solution

• 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 physical science performance 
expectations: 

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 
At this point, students should have figured out that mixing substances results in a new substance. In this lesson, 
students plan an investigation to test an optimized biopolymer. They make a plan based on evidence to mix a 
different set of substance to try to achieve a desired result. Students plan the investigation but do not conduct it 
(unless time allows). 

Dimension NGSS Element Connections to Classroom Activity 

Science and 
Engineering 

Practices 

Constructing Explanations and Designing 
Solutions 
• Generate and compare multiple solutions 

to a problem based on how well they 
meet the criteria and constraints of the 
design problem. 

In this lesson, students compare the findings 
from multiple groups. Students gather ideas 
from the evidence collected by other groups 
so they can revise their biopolymer design. 

http://www.nextgenscience.org/5spm-structures-properties-matter
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Obtaining, Evaluating, and Communicating 
Information 
• Communicate scientific and/or technical 

information orally and/or in written 
formats, including various forms of 
media as well as tables, diagrams, and 
charts. 

As students prepare for and present their mini-
presentations, they work to communicate 
technical information orally and through media. 

Disciplinary 
Core Ideas 

ETS1.B: Developing Possible Solutions 
• At whatever stage, communicating with 

peers about proposed solutions is an 
important part of the design process, 
and shared ideas can lead to improved 
designs. 

ETS1.C: Optimizing the Design Solution 
• Different solutions need to be tested in 

order to determine which of them best 
solves the problem, given the criteria and 
the constraints.

Students listen carefully to the evidence 
provided by other teams. Using this evidence, 
students redesign their biopolymer formula. 
The redesign should help students more 
closely meet the criteria and constraints of the 
design problem. 

Crosscutting 
Concepts 

Cause and Effect 
• Cause-and-effect relationships are 

routinely identified, tested, and used to 
explain change. 

Students present findings on cause-and-effect 
relationships in the biopolymer creation and 
testing. Students consider ways to change the 
biopolymer formula to produce different 
solutions. 

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. 

Learning experiences will need to be extended so that students use their knowledge of atomic composition and 
properties (at the middle school level: density, melting point, boiling point, solubility, flammability, and odor) to 
justify their optimization plans. 

Basic Teacher Preparation 

Students use the data they collected from their various testing trials for this lesson. Therefore, be 
sure each student and team has access to their Polymers for the Planet Student Handbook 
information. 

Refer to the Polymers for the Planet Student Handbook ahead of time so you can address any 
questions students might have. Day 8 documents can be found on pages 26–28 in the Polymers 
for the Planet Student Handbook. The documents used in this lesson are: 

• Sharing Our Findings (pages 26 and 27)
• Our Optimization Ideas (page 28)

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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Required Preparation Links/Additional Information 

 Review suggested teacher preparation
resources

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

Materials List 

No additional materials are needed for this lesson. 
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Day 8: Sharing Our Findings 

Introduction (10 minutes) 

Begin class by referencing the design and testing work that students have completed so far. 
Students started by defining the problem, they proposed a formula for their biopolymer, and they 
tested the biopolymer. At this point, students have likely found that their biopolymer did not meet 
the criteria and constraints as well as they had hoped. Tell students that this is a normal part of 
the engineering design process. Engineers often have to fail many times before they succeed. 
What is important, though, is that engineers refine and revise their work. In engineering, the 
process of revision and refinement is often referred to as optimization. 

Tell students that their goal is to optimize their biopolymer. The question for this lesson is, How 
can we optimize our biopolymer formula? 

One of the best ways to gather information for optimization is to share findings from different 
teams. All the teams used different formulas and likely found different results. In today’s lesson, 
students share their formula and their findings. Their goal is to gather more information from the 
other groups so they can use this information in their optimization process. 

Design Work: Prepare to Share Findings (10 minutes) 

Instruct the teams to review all data collected during their lab-based workshop days, their 
proposed formulas, and their criteria and constraints. Have students prepare for a mini-
presentation to their classmates about their proposed formula and their findings. Remind students 
that the goal of this presentation is to help their classmates optimize their own formulas and to get 
feedback on their own designs. The mini-presentation should include four sections:  

1. Criteria and Constraints
2. Proposed Formula
3. Findings
4. Questions and Suggestions

Each group member should contribute to the presentation. Students should record notes to 
prepare for their presentation on page 26 in the Polymers for the Planet Student Handbook. 

Extension 

You may want to reference an example of engineers learning from failures or unusual results. 
As an example of this, you could have students read and briefly discuss the Post-It Notes 
Were Invented by Accident article. 

http://www.todayifoundout.com/index.php/2011/11/post-it-notes-were-invented-by-accident/
http://www.todayifoundout.com/index.php/2011/11/post-it-notes-were-invented-by-accident/
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Whole Group Discussion: Share Findings (20 minutes) 

Have each group present their findings. Make sure that each presentation includes four sections: 

1. Criteria and Constraints
2. Proposed Formula
3. Findings
4. Questions and Suggestions

During the Questions and Suggestions section, classmates may ask questions about the 
biopolymer formula to help their own designs. Classmates may also offer suggestions. The goal is 
to help students get ideas from other teams to optimize their biopolymer designs. 

Have students record notes from the presentations on page 27 in the Polymers for the Planet 
Student Handbook. 

Design Work: Optimize Our Formula (10 minutes) 

After the presentations, instruct teams to meet to discuss their optimization process. Based on the 
information from the mini-presentations, students should have ideas for optimization. 

Instruct students to record their ideas for optimization. Tell them their optimization ideas must be 
supported by evidence. The evidence used could be from their own biopolymer or from the 
biopolymers developed by other teams. Have students record their ideas for optimization on page 
28 in the Polymers for the Planet Student Handbook. 

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. Focus specifically on student notes on pages 26 and 27.

• Assess student presentations to gather evidence regarding student progress on key
disciplinary core ideas, science and engineering practices, and crosscutting concepts.

• Use student optimization plans (page 28) to assess student progress on key learning.

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. 

Extension 

If time allows, repeat Days 4 through 8 to allow students to optimize their biopolymer formula. 
The optimization process could also help students make progress on 3-5-ETS1-2. 
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Community Connections 

Consider asking students to invite adult guests to provide feedback on their optimization 
presentations. 

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] 

Post-It Notes Were Invented by Accident 
(article) 

[Web Link] 

https://www.teachingchannel.org/polymers-engineering-unit-boeing
http://www.todayifoundout.com/index.php/2011/11/post-it-notes-were-invented-by-accident/
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Polymers for the Planet 
Days 9 and 10: Final Presentations and Findings 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions (if possible, consider adding another day) 

Lesson Overview 

In the final lesson of the module, students showcase their findings and optimization plans by 
giving oral presentations (which include at least one visual). During these presentations, students 
share their optimal design solution and evaluate those presented by other teams. During these 
two class sessions, students understand that communicating with peers about proposed solutions 
is an important part of the design process, and by sharing and discussing ideas, the teams can 
further improve their designs. 

Connecting to the Next Generation Science Standards 

On Days 9 and 10, students demonstrate understanding of the performance expectations and 
three dimensions developed throughout the entire module. These lessons serve as a performance 
assessment in which all of the performance expectations and dimensions are addressed in the 
final presentation. Please reference the performance expectations, disciplinary core ideas, science 
and engineering practices, and crosscutting concepts referenced in the front matter of this 
module. 

Basic Teacher Preparation 

Students use all the data they collected and their testing experiences to create summative 
presentations. 

Refer to the Polymers for the Planet Student Handbook ahead of time so you can address any 
questions students might have. The document for Days 9 and 10 can be found on page 29 in the 
Polymers for the Planet Student Handbook. The document used in this lesson is: 

• Final Presentations and Findings (page 29)

Required Preparation Links/Additional Information 

 Review suggested teacher preparation
resources

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

Item Description/Additional 
Information 

Quantity Where to 
Locate/Buy 

Presentation 
Rubric 

A common rubric for all Science 
and Innovation Modules is 
included. Rubrics need to be 
tailored to use for specifics 
modules and students. 

1 per team Polymers for the 
Planet Teacher 
Handbook, 
Appendix C 

Projector Some teams may choose to use 
a slideshow or they may want to 
project a visual. This capability 
should be arranged ahead of 
time. 

1 per class 
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Day 9: Preparing Your Presentation 

Introduction (10 minutes) 

Inform students that, in their teams, they will prepare a 3- to 5-minute talk to summarize and 
present their overall testing results. Discuss the criteria and expectations for the final 
presentations that occur during Day10. Below is a summary of the presentation procedures and 
the required elements. 

Presentation Procedures and Criteria 

1. Teams should strongly consider creating a script, indicating who will speak and what each
partner will say.

Example Script

Jcl: Hi, we’ve made a polymer for the planet. 

Kb: We make it out of renewable resources to keep our world clean. 

Js: A unique combination of corn starch and potato starch makes our polymer stretchy and 
strong. 

Jcl: Take a look at this: [show graphic and give specific evidence] 

Kb: After working through three trials, we optimized our formula for success by…… 

Js: We think you’ll really love the strength of _____ without the petroleum. 

Jcl: Do you ski? Imagine this as your new top sheet. 

2. Students need to include the following elements in their talk:

o Names of all team engineers
o Definition of the design problem (including a description of why we need better

plastics)
o Description of the proposed formula and justification for the proposed materials
o Summary of results, both quantitative and qualitative
o Comparison of predictions and findings
o Presentation of the proposed optimization process and justification for the optimization

decision
o Relevant thank you(s)
o At least one helpful visual

Extension 

Presentations in this lesson have been designed for short oral formats. Extensions can be 
numerous and are encouraged—posters, slideshow presentations, advertisements for new 
products, skits, songs, poems, and so forth. Creativity is encouraged. 

Consider providing a graphic organizer or sentence frames for students who require 
additional support. 



Science and Innovation Polymers for the Planet 

Copyright ©2016 60 

Design Work: Prepare the Presentations (40 minutes) 

Students have the remainder of class time to complete their presentations. They can add the final 
touches to their presentations as homework. Prompt students to consider the identified 
crosscutting concepts for the module to help frame their presentation.  
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Day 10: Final Presentations 

Introduction (5 minutes) 

Students enter the “workplace” dressed to impress. This is the day they present their work in an 
engineering showcase. Give students and teams 5 minutes to prepare for all the listening and 
speaking that will occur in today’s culminating showcase. 

Whole Group Discussion: Final Presentations (45 minutes) 

Ask for the “media liaison representative" for each team to come to the front of the room. These 
students select a number from a hat to determine the order of their presentation. 

Teams come to the front of the room to present to the chairperson of the company. For added 
novelty, consider inviting a guest adult to serve as this figurehead. 

Students are active audience listeners. Remind them they are also being scored for listening. 
Students have the remainder of the class time to cycle through their presentations. 

Modify the Presentation Rubric in Appendix C to assess the presentations. Consider having 
students self-assess or assess their peers using Appendix C.  

Assessment 

The final presentation can be used as a summative assessment of student learning throughout the 
module. Reference Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

A showcase celebration might be an interesting extension. Invite engineers, designers, and 
entrepreneurs to add to the “high stakes” situation. 

Extension 

A showcase celebration might be an interesting extension. Invite engineers, designers, and 
entrepreneurs to add to the “high stakes” situation. 

If necessary, allows students to present in front of a smaller audience so they feel more 
comfortable and confident. 
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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/polymers-engineering-unit-boeing
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Appendix A 
Engineering Design Process 

Step 1 Identify the Need or Problem 

Describe the engineering design challenge to be 
solved. Include the limits and constraints, customer 
description, and an explanation of why solving this 
challenge is important. 

Step 2 Research Criteria and Constraints 

Research how others have solved this or similar 
problems, and discover what materials have been 
used. Be sure to thoroughly research the limitations 
and design requirements for success. 

Step 3 Brainstorm Possible Solutions 

Use your knowledge and creativity to generate as 
many solutions as possible. During this brainstorming 
stage, do not reject any ideas. 

Step 4 Select the Best Solution 

Each team member presents their solution ideas to the team. Team members annotate how each 
solution does or does not meet each design requirement. The team then agrees on a solution, or 
combination of solutions, that best meets the design requirements. 

Step 5 Construct a Prototype 

Develop an operating version of the solution. 

Step 6 Test 

Test your solution. Annotate the results from each test to share with your team. 

Step 7 Present Results 

Present the results from each test to the team. 

Step 8 Redesign 

Determine a redesign to address failure points and/or design improvements. The design process 
involves multiple iterations and redesigns. Redesign is based on the data from your tests, your team 
discussions as to the next steps to improve the design, and the engineering design process Steps 1 
through 7. 

Once your team is confident of a prototype solution, you present the results to the client. The client may: 

• Accept your solution as is, or
• Ask for additional constraints and criteria to be included in the solution. At this point, you and your

team revisit the engineering design process and resume the iterative redesign cycle.
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Appendix B 
Meeting the Needs of All Learners 

Every learner is unique. To meet the needs of all learners in your class, consider the 
following strategies:  

• Provide students with sentence stems for models, arguments, and explanations (see below).
• Use a graphic organizer to help students organize their thinking prior to creating their final presentation

(see below).
• Prior to each group discussion, engage students in individual or small group discussions to help them

prepare to share their ideas in a larger group.
• Provide students with a vocabulary list using the Glossary.
• Offer additional extension problems or challenges in math or science.
• Provide students with additional time to formulate their ideas prior to sharing with the class.
• Offer opportunities for students to engage in additional investigations to extend learning. This may

include additional readings, science investigations, or research.

Design Problem: 

Science Ideas related to the Design Problem: 

First Draft Design Solution: 

Reflection/Modifications Needed: 

Second Draft Design Solution: 

Reflection/Modifications Needed: 

Final Design Solution and Justification: 
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Sentence Stems 
Contributed by Karl Muench, Collins Middle School, Salem, MA 

Claim 

You frame the question and answer it. This may take a sentence or a paragraph. Examples of claim 
sentences include the following. 

• Analysis (breaking down the elements)

o Our analysis looked at the parts and their function in …
o We know from our data that … is comprised (made of) …, … and …

• Comparison (similarities and differences)

o … (A) and … (B) are alike in that both …
o However, while … (A) does this …, the other, … (B), does this …

• Evaluation (testing against a set of rules)

o The … (subject of study) best matched the rule that …
o In the situations involving …, the … (subject of study) showed …

• Problem/solution

o … is a problem, and the best solution is …
o Very often, … will have a problem with … The way to fix it is …

• Cause/Effect

o … causes … to happen.
o … is created when …
o … if … then …

Give a preview of how you will prove your claim. Follow the above statements with the word because. 

Evidence 

Include research and results of demonstrations or your own experimentation that support your claim. In 
science, you need to cite ALL available evidence, even some that may work against your claim. (You can 
deal with that issue by using reasoning.) 

• Analysis

o We conducted this experiment … The results are shown in the following table.
o We graphed … over … and saw this pattern …
o In most cases, we saw … Sometimes, however, … would happen.
o We found the following analysis of this in our research … (direct quotes with sources)

• Comparison

o We compiled the following T-chart showing where these things are alike and unalike.
o In this Venn diagram, we can see where these things are similar and different.
o In both cases, … is true. But only for ... is … true.
o We have both things on this graph. You can see here … where they meet.

• Evaluation

o We were looking for the following criteria … The following met those criteria … The following did
not meet those criteria …

o The rule … applies to the following … and does not work for …
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o Scientists say … (quotation with source). We found this applied to ...

• Problem/Solution

o These sources … point to this issue …
o We tested our prototypes by … These were the results …
o Experts such as … (sources) say … is a common problem.
o … (source) emphasizes that … is a problem, with this possible solution ...

• Cause/Effect

o Every time … happened, … would happen.
o Scientists believe that … is caused by … (quote with source)
o The following graph shows how … influences …
o This chart shows when … happens (or is present) and what happens next.
o Statistics indicate that ...

Reasoning 

You need to explain in your own words how your evidence supports your claim. In the case of evidence 
that contradicts your claim, you must explain why other evidence has more merit or reliability. 

• Analysis

o The evidence supports our claim because …
o The graph shows that as … rises, … rises/falls at a (steady or increasing) rate. This allows us to

predict …
o Taking the evidence as a whole shows …

• Comparison

o These things behave similarly when … but differently when …
o Considering these similarities and differences indicates …
o Looking at the chart of evidence, we see how … is similar to …, but different in ...

• Evaluation

o If … is true, we should see … This is exactly what we see in the case(s) of …
o Every time (or almost every time) we tried this …, this happened …
o ... did not meet our criteria as well as …, eliminating it as an option.

• Problem/Solution

o As you can see, our test (or research) indicates this solution will solve the problem because …
o Our research and testing found … can best solve this problem by …
o We were looking for this … and found it in ...

• Cause/Effect

o The evidence shows that … causes … because …
o Looking at the data, we see that … followed … every time.
o Our research shows that scientists support that … causes … because ...

• Dealing with contrary evidence

o By looking at all of this, we can see that these data … are outliers.
o While some scientists say …, most scientists agree that …
o Some of our results are less reliable because ...
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Appendix C 
Presentation Rubric 

The Presentation Rubric is intended to be used as a guide for the development of the assessment for the 
final presentations. Teachers should tailor the rubric to fit the module’s specific needs and design problem. 

Science and Innovation 
A Boeing and Teaching Channel Partnership 

PRESENTATION RUBRIC 

No Evidence Beginning Developing Advanced 

Quality of Design 
Product 

NOTE: This section 

should be tailored to 

assess specific module 

and performance 

expectations. 

Design product fails to 
address most aspects 
of the performance 
task. 

Design product shows 
no evidence of 
thoughtful problem 
solving. 

Design product shows 
evidence of low-
quality craftsmanship. 

Design product 
addresses some 
aspects of the 
performance task. 

Design product shows 
little evidence of 
thoughtful problem 
solving. 

Design product shows 
evidence of mediocre-
quality craftsmanship. 

Design product 
addresses most 
aspects of the 
performance task. 

Design product shows 
some evidence of 
thoughtful problem 
solving.  

Design product shows 
evidence of mostly 
high-quality 
craftsmanship. 

Design product 
addresses all aspects 
of the performance 
task. 

Design product shows 
clear evidence of 
thoughtful problem 
solving, deliberation, 
and decision making. 

Design product shows 
clear evidence of high-
quality craftsmanship. 

Explanation of 
Science Ideas 

Science ideas include 

science and engineering 

practices, disciplinary 

core ideas, and 

crosscutting concepts. 

NOTE: This section 

should be tailored to 

assess specific module 

and performance 

expectations. 

Relevant science 
ideas are not 
addressed. 

Evidence is not cited. 

Most relevant science 
ideas are stated and 
partially described in 
relation to the design 
problem. 

Some evidence is 
cited. Evidence was 
gathered through 
science investigations 
or critical analysis of 
existing sources. 

All relevant science 
ideas are stated and 
described in relation 
to the design problem. 

Several lines of 
evidence are cited. 
Evidence was 
gathered through 
science investigations 
or critical analysis of 
existing sources. 

All relevant science 
ideas are clearly 
stated and described 
in detail in relation to 
the design problem. 

Multiple lines of 
evidence are cited. 
Evidence was 
gathered through 
science investigations 
or critical analysis of 
existing sources. 

Organization 

The presentation does 
not include all of the 
required components. 

The presentation does 
not have a main idea 
or presents ideas in an 
order that does not 
make sense. 

The presentation 
includes most of the 
required components. 

The presentation 
moves from one idea 
to the next, but the 
main idea may not be 
clear or some ideas 

The presentation 
includes all of the 
required components. 

The main idea is 
clearly stated. The 
presentation moves 
from one idea to the 
next in a logical order, 
emphasizing main 

The presentation 
includes all of the 
required components 
and either provides 
additional information 
for each component or 
adds additional 
components relevant 
to the presentation. 
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may be in the wrong 
order. 

points in a focused, 
coherent manner. 

The main idea is 
clearly stated. The 
presentation moves 
from one idea to the 
next in a logical order, 
emphasizing the main 
points in a focused, 
coherent manner. (CC 
6-8. SL.4)

Presenting Skills 

The presenter does 
not look at the 
audience and reads 
notes or slides. 

The presenter wears 
clothing inappropriate 
for the occasion. 

The presenter 
mumbles or speaks 
too quickly or slowly. 

The presenter speaks 
too softly to be 
understood. 

The presenter makes 
infrequent eye contact 
and reads notes or 
slides most of the 
time. 

The presenter dresses 
professionally. 

The presenter speaks 
clearly most of the 
time, although 
sometimes too quickly 
or slowly. 

The presenter speaks 
loudly enough for 
most of the audience 
to hear, but may 
speak in a monotone. 

The presenter keeps 
eye contact with 
audience most of the 
time and only glances 
at notes or slides. 

The presenter dresses 
professionally. 

The presenter speaks 
clearly and not too 
quickly or slowly. (CC 
6-8.SL.4)

The presenter speaks 
loudly enough for 
everyone to hear and 
changes tone to 
maintain interest. (CC 
6-8.SL.4)

The presenter 
engages the audience 
by drawing their 
sustained attention. 

The presenter 
maintains eye contact 
with the audience 
most of the time and 
only glances at notes 
or slides. (CC 6-
8.SL.4)

The presenter dresses 
professionally. 

The presenter speaks 
clearly and not too 
quickly or slowly. (CC 
6-8.SL.4)

The presenter speaks 
loudly enough for 
everyone to hear and 
changes tone to 
maintain interest. (CC 
6-8.SL.4)
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Appendix D 
Coupon Templates for Specimen 
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Glossary 
The key terms below are frequently used in the module. Students should develop a strong conceptual 
understanding of each term throughout the module. Definitions from dictionary.com unless otherwise noted. 

average Number found by dividing the sum of data by the number of items in the data set. 
Also called the mean.* 

biodegradable Capable of decaying through the action of living organisms. 

bioplastics/ 
biopolymer 

A type of biodegradable plastic derived from biological substances rather than 
from petroleum.* 

budget An estimate, often itemized, of expected income and expense for a given period. 

compostable Things that can be used as compost, which is a mixture of various decaying 
organic substances, such as dead leaves or manure, used for fertilizing soil. 

coupon A specimen of test material to be used for testing in a chemical lab.* 

elongation To draw out to greater length; lengthen; extend. 

engineer A person trained and skilled in the design, construction, and use of engines or 
machines, or in any of various branches of engineering. 

force A push or pull action on an object resulting from interaction with another object.* 

green Using resources that are renewable, or that can be naturally replenished.* 

monomers A molecule capable of reacting with other molecules to form a polymer. 

optimize To make as effective, perfect, or useful as possible. 

petroleum An oily, thick, flammable, usually dark-colored liquid that is a mixture of various 
hydrocarbons, occurring naturally in various parts of the world and commonly 
obtained by drilling. 

plastic A synthetic material made from a wide range of organic polymers, such as 
polyethylene, PVC, nylon, and so forth, that can be molded into shape while soft 
and then set into a rigid or slightly elastic form.* 

polymers A compound derived either by the addition of many smaller molecules, as 
polyethylene, or by the condensation of many smaller molecules with the 
elimination of water, alcohol, or the like, such as nylon. 

prototype The original or model on which something is based or formed. 

qualitative Using your senses (sight, sound, taste, touch, and smell) to describe the 
characteristics of an object or experience. Can be described but not measured.* 

quantitative Observations that can be measured. These measurements involve numbers and 
are usually done with rulers, balances, thermometers, beakers, and so forth.* 

sustainable Able to be maintained or kept going. 

tensile strength The resistance of a material to longitudinal stress, measured by the minimum 
amount of longitudinal stress required to rupture the material. 

*Definition developed by module authors. 




