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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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CubeSats 
Background and Overview 

In this module, students explore very small satellites called CubeSats that are sent into 
space. These satellites are 10-centimeter cubes that carry a variety of payloads. The 
module embeds lessons on the common uses of satellites, satellite functions and orbits, 
force and motion in space, and volume. 

Module Overview 

CubeSats are very small satellites sent 
into space. They are 10-cm cubes and 
carry a variety of payloads. CubeSats are 
used for countless applications. For 
example, they help identify and track sea 
vessels, they can contain sensors that 
help with weather prediction, and they 
can hold biology experiments sent into 
space. CubeSats are easier to build than 
other satellites because they are small. 

In this module, students study, design, build, and test their own CubeSats. On Day 1, students learn about 
CubeSats and their uses. Students define a mission for their CubeSat. On Days 2 and 3, students explore 
CubeSat orbits. Using a ball on a rope, students consider the forces exerted on the satellite (ball). Students 
figure out that the Earth must exert force (gravity) on the satellite to keep it in orbit. 

On Days 4 and 5, students build and test an initial model for a CubeSat. Students revise their models 
based on results from testing. In an optional lesson on Day 6, students explore solar energy and 
mathematics concepts related to keeping the CubeSat in flight. Finally, students create a CubeSat blueprint 
based on their mission criteria and constraints, and then present their CubeSat to an audience. 

Module Authors 

 Marcia Ventura, 5th Grade Teacher, Maple
Elementary School, Seattle Public Schools

 Kimberly Hicks, Boeing Engineer, Everett, WA
 Tamaira Ross, Boeing Engineer, Everett, WA
 Kate Cook Whitt, Teaching Channel Senior Science

Editor
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CubeSats 
Background and Overview 

Engineering Design in the Module 

In this module, students create CubeSat models that are tested for various capabilities. After reviewing the 
criteria and constraints, student teams engage in an authentic design process in teams. Each team 
engages in the testing and optimization process. Students use the engineering project as a way to 
understand and learn more deeply about scientific concepts. The module ends with students presenting a 
proposal to NASA to build a CubeSat with a payload explained by the students. 

Sequencing 

CubeSats is intended as a 5th-grade engineering and physical science module. This module was designed 
to help students make progress on four performance expectations: 3-5-ETS1-1, 3-5-ETS1-2, 3-5-ETS1-3, 
and 5-PS2-1. The performance expectations address the engineering design process and forces. 

Within the 5th-grade year, this module can be used at any point throughout the development of 5-PS2-1, 
which addresses the gravitational force exerted by Earth. Students should have already mastered the 
performance expectations, disciplinary core ideas, science and engineering practices, and 
crosscutting concepts included in 3rd-grade Physical Science and Engineering Design. 

• Students should have mastered 3-PS2-1 and 3-PS2-2. Both performance expectations address
forces and motion (PS2.A) and types of interactions (PS2.B).

• 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, Developing and Using Models, Planning and
Carrying Out Investigations, Constructing Explanations and Designing Solutions, and Engaging in
Argument from Evidence. 

• 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-ETS1-2. Generate and compare multiple possible solutions to a problem based on how well
each is likely to meet the criteria and constraints of the problem.

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-PS2-1. Support an argument that the gravitational force exerted by Earth on objects is directed
down. 

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/topic-arrangement/3-5engineering-design
http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/dci-arrangement/5-ps2-motion-and-stability-forces-and-interactions
http://www.nextgenscience.org/dci-arrangement/3-ps2-motion-and-stability-forces-and-interactions
http://www.nextgenscience.org/dci-arrangement/3-ps2-motion-and-stability-forces-and-interactions
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#56
http://www.nap.edu/read/13165/chapter/7#59
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/7#71
http://www.nap.edu/read/13165/chapter/7#71
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/3-5ets-engineering-design
http://www.nextgenscience.org/dci-arrangement/5-ps2-motion-and-stability-forces-and-interactions
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CubeSats 
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 every 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-ETS1-2. Generate and compare multiple possible solutions to a problem based on how well each is
likely to meet the criteria and constraints of the problem.
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-PS2-1. Support and argument that the gravitational force exerted by the Earth on objects is directed
down. 

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.

Developing and Using Models 
• Develop and/or use models to describe and/or predict phenomena.
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.

Constructing Explanations and Designing Solutions 

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/3-5ets-engineering-design
http://www.nextgenscience.org/dci-arrangement/5-ps2-motion-and-stability-forces-and-interactions
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• Generate and compare multiple solutions to a problem based on how well they meet the
criteria and constraints of the design problem.

• Use evidence to construct or support an explanation or design a solution to a problem.
Engaging in Argument from Evidence
• Support an argument with evidence, data, or a model.

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 of 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.
PS2.B: Types of Interactions 
• The gravitational force of Earth acting on an object near Earth’s surface pulls that object

toward the planet’s center.

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.
Cause and Effect 
• Cause-and-effect relationships are routinely identified, tested, and used to explain change.
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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.5.4: 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.

 CCSS.ELA-Literacy.SL.5.5: Include multimedia components (e.g., graphics, sound) and
visual displays in presentations when appropriate to enhance the development of main ideas
or themes.

Mathematics 

 CCSS.Math.Content.5.NF.B.6: Solve real world problems involving multiplication of
fractions and mixed numbers, e.g., by using visual fraction models or equations to represent
the problem.

 CCSS.Math.Content.5.MD.C.3: Recognize volume as an attribute of solid figures and
understand concepts of volume measurement.

 CCSS.Math.Content.5.MD.C.4: Measure volumes by counting unit cubes, using cubic cm,
cubic in, cubic ft., and improvised units.

 CCSS.Math.Content.5.MD.C.5: Relate volume to the operations of multiplication and
addition and solve real world and mathematical problems involving volume.

http://www.corestandards.org/ELA-Literacy/RI/5/2/
http://www.corestandards.org/ELA-Literacy/SL/5/4/
http://www.corestandards.org/ELA-Literacy/SL/5/5/
http://www.corestandards.org/Math/Content/5/NF/B/6/
http://www.corestandards.org/Math/Content/5/MD/C/3/
http://www.corestandards.org/Math/Content/5/MD/C/4/
http://www.corestandards.org/Math/Content/5/MD/C/5/
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CubeSats 
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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CubeSats 
Day 1: What Are CubeSats? 

Grade Level Grade 5 

Lesson Length One 50-minute session 

Lesson Overview 

The students kick off the module by starting a KLEWS chart on satellites. Students revisit their 
charts over the course of the module. The key components of the KLEWS chart are: 

K—What do we think we Know? 

L—What do we want to Learn? 

E—What is the Evidence we have gathered from our research and engineering project? 

W—What do we still Wonder about? 

S—What Scientific principles we have learned? 

After completing the KLEWS chart, students learn about CubeSats and brainstorm possible 
payloads. At the end of the lesson, students write a description of their payload, mission, and the 
ways their CubeSat will positively impact society. 

Connecting to the Next Generation Science Standards 

In this lesson, students make progress toward developing understanding across the following 
three dimensions: 

• Science and Engineering Practices: Asking Questions and Defining Problems
• Disciplinary Core Ideas: ETS1.A Defining and Delimiting Engineering Problems
• 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 
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. 

Specific Connections to Classroom Activity 
In this lesson, students are introduced to a special type of satellite called CubeSats. Students brainstorm 
payloads for CubeSats. Students then combine their ideas with NASA’s mission ideas to define a specific 
mission for their CubeSat. Students comment on the criteria and constraints for their mission. 

http://www.nextgenscience.org/3-5ets-engineering-design
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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. 

Students are introduced to the design 
problem of creating a CubeSat. Students 
select a payload and purpose for their 
CubeSat. In a written description of their 
mission, students identify the criteria and 
constraints for their design solution. 

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 of how well each takes the
constraints into account.

Students consider the criteria and constraints 
for their CubeSat mission. As students write 
their mission plan, they are prompted to think 
about the desired features of a successful 
solution. In later lessons, students will 
continue to revise the criteria and constraints 
and will test their CubeSats to determine if 
they met their criteria and constraints. 

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. 

Students learn about an engineer who 
developed a use for CubeSats that could have 
many positive impacts on society. The 
engineer met societal needs to develop a 
smaller satellite. Students create missions for 
their CubeSats to positively impact society. 

Basic Teacher Preparation 

Throughout the module, students work in design pairs. Select and assign design partners during 
this lesson. Student should continue to work with their design partner throughout the remainder of 
the module. 

Prior to this lesson, read about the KLEWS chart. The chart is a good way to solicit prior 
knowledge from students and to capture evolving thinking and knowledge from the class as more 
learning unfolds. 

Required Preparation Links/Additional Information 

 Gather or purchase all required materials
for the lesson

Refer to the Materials List below 

 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 

Chart paper N/A 1 per student Available in most 
schools 

Markers N/A 1 or 2 sets for 
teacher and 
students 

Available in most 
schools 

Sticky notes N/A 1 package of various 
colors 

Available in most 
schools 

Science notebooks 
or loose-leaf paper 

N/A 1 per student Available in most 
schools 
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Day 1: What Are CubeSats? 

Introduction (15 minutes) 

Begin the lesson by introducing the KLEWS chart, which should look like this: 

K—Know L—Learn E—Evidence W—Wonder 
S—Scientific 

Principles 

What do we 
think we already 
know about 
satellites and 
CubeSats? 

What do we 
want to learn 
about satellites 
and CubeSats? 

What evidence 
have we 
gathered? 

What do we still 
wonder about 
satellites and 
CubeSats? 

What scientific 
principles have 
we learned? 

Explain to students that today is the beginning of a new module. In this module, they are going to 
build a special type of satellite called a CubeSat. Let students know that in this first lesson they 
will focus on only three parts of the chart—K, L, and W. However, as the module unfolds, they will 
come back and revisit the chart to add Evidence and list Scientific Principles. 

Instruct students to work on their own to think of three ideas or statements related to what they 
already know about satellites and how they work. Have students write each idea or statement on 
a sticky note. 

Have students take turns sharing with their 
science partners what they wrote for the K 
(Know) column. After students have shared 
with their partners, have them place their 
sticky notes on the class chart. 

Gather students near the chart and read the 
sticky notes. Comments and discussion 
should follow. Model a “think aloud” 
approach based on the content of the sticky 
notes. 

Repeat the pair and share process for the L 
(Learn) column. Then, have students add their 
sticky notes to the class chart and read the 
information. After the K and L have been 
reviewed and discussed, consider asking the 
class to suggest some statements to add to 
the W (Wonders) column. 

NGSS Key Moment 

As students share their ideas about 
satellites, take note of their current 
understanding of satellites. Adapt 
instruction according to students’ 
developing conceptions. 

Helpful Tip

Use different colored sticky notes for the 
different columns in the KLEWS chart. For 
more information about KLEWS charts, 
review the article at TCA: KLEWS to 
Explanation-Building in Science. 

http://www.nsta.org/store/product_detail.aspx?id=10.2505/4/sc15_052_06_66
http://www.nsta.org/store/product_detail.aspx?id=10.2505/4/sc15_052_06_66
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Whole Group Discussion: CubeSats (10 minutes) 

Tell students that in this module they will be designing a special type of satellite called a CubeSat. 

Show students the CubeSats Explained 
video. Also read the accompanying text out 
loud. Then, show the JPL’s Crazy Engineering 
CubeSats video. After showing the videos, 
engage students in a discussion about 
payloads. As a group, develop a shared 
definition for payload. The definition should 
capture the idea that a payload is the cargo, 
typically the most important cargo, of a 
vehicle. 

Whole Group Discussion: Payloads (15 minutes) 

Ask students to brainstorm potential payloads 
for CubeSats. Students should work with their 
design partners to brainstorm a list of 
potential payloads. At this point, accept all 
responses. 

After students have had sufficient time to 
brainstorm payloads, introduce and show the 
Tiny Satellites TED Talk. 

After showing the video, lead a discussion 
about how Will Marshall’s company is 
responding to societal needs and positively 
impacting society. 

Ask students to think about their own payload 
ideas. How can their ideas meet societal 
demands or have a positive impact on their 
community? Have students brainstorm ideas 
in small groups and then share their ideas in a 
whole group discussion. 

Tell students that NASA is particularly 
interested in using CubeSats for the following 
five missions: 

• Radio Communication
• Lightening Detection
• Lunar (Moon) Imagery
• Mars Orbiter
• Earth Imagery

Video Link

 CubeSats Explained [Web Link]

 JPL’s Crazy Engineering CubeSats
[Web Link]

Video Link

 Tiny Satellites TED Talk [Web Link]

NGSS Key Moment 

Discussing the impact engineers have on 
society helps students make progress on 
the Crosscutting Concept: Influence of 
Science, Engineering, and Technology on 
Society and the Natural World 

Helpful Tip

More information about each mission can 
be found in Appendix D, although this 
information does not need to be shared 
with students. 

https://www.diyspaceexploration.com/what-are-cubesats/
http://www.jpl.nasa.gov/video/details.php?id=1411
http://www.jpl.nasa.gov/video/details.php?id=1411
https://www.youtube.com/watch?v=UHkEbemburs
https://www.diyspaceexploration.com/what-are-cubesats/
http://www.jpl.nasa.gov/video/details.php?id=1411
https://www.youtube.com/watch?v=UHkEbemburs
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Instruct students to combine one of NASA’s missions with their own ideas. For instance, if a group 
was interested in imaging roads and terrain, they could combine their idea with NASA’s Earth 
Imagery mission. 

Instruct students to create their initial mission plans. Students should record their mission ideas 
and explain how their mission will positively impact society. As they do, students should list 
possible criteria and constraints for their missions. Students should post their mission plans on 
chart paper. 

Lesson Close (10 minutes) 

Tell students that, in this module, they will 
work through the engineering design process 
as they design CubeSats.  

Reference the Engineering Design Process 
in Appendix A and describe the steps of the 
process. 

Explain that students will be making a model 
CubeSat, testing for successes and failure, 
and learning about satellites throughout the 
module. 

At the end of Day 1, assign the homework. 

Assessment 

Use student descriptions of mission plans to gage their progress on ETS1.A, Asking Questions 
and Defining Problems, and the Influence of Science, Engineering, and Technology on Society 
and the Natural World. Student products should show evidence of progress on all three 
dimensions. Provide appropriate supports or interventions as necessary. Reference Appendix B 
for suggestions for meeting the needs of all learners. 

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. 

Homework

Ask students to interview their parent(s) or guardian(s) by asking: 

 How is your life affected by the use of satellites?

 Do you have any questions about satellites that we should add to our class chart?
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Community Connections 

Many communities have software or technology companies that may be doing related satellite 
work. These companies are often willing to suggest a guest speaker. Many urban areas have 
science centers that have connections related to the topics in this lesson and module. 

Suggested Teacher Resources 

Engineering Design Process 
CubeSats Teacher Handbook, 
Appendix A 

Meeting the Needs of All Learners 
CubeSats Teacher Handbook, 
Appendix B 

Mission Details CubeSats Teacher Handbook, 
Appendix D 

TCA: KLEWS to Explanation-Building in Science [Web Link] 

CubeSats Explained [Web Link] 

TED Talk: Tiny Satellites [Web Link] 

JPL’s Crazy Engineering—CubeSats [Web Link] 

http://www.nsta.org/store/product_detail.aspx?id=10.2505/4/sc15_052_06_66
http://www.diyspaceexploration.com/what-are-cubesats/
https://www.youtube.com/watch?v=UHkEbemburs
http://www.jpl.nasa.gov/video/details.php?id=1411
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CubeSats 
Days 2 and 3: How CubeSats Stay in Orbit 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions 

Lesson Overview 

During the second and third class sessions, students learn more about satellites and their orbits. 
On Day 2, the class starts by adding information gathered from their family interviews to the 
KLEWS chart. Students then experiment with a ball on a string to figure out the forces involved in 
keeping a satellite in orbit. Students realize that there must be a force (gravity) pulling satellites 
toward Earth that keeps a satellite in orbit. On Day 3, students complete a jigsaw reading with four 
different options to learn more about how satellites orbit. After the jigsaw readings, student teams 
present their findings. 

Connecting to the Next Generation Science Standards 

In this lesson, students make progress toward developing understanding across the following 
three dimensions: 

• Science and Engineering Practices: Developing and Using Models, Constructing
Explanations and Designing Solutions, Engaging in Argument from Evidence

• Disciplinary Core Ideas: PS2.B Types of Interactions
• 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-PS2-1. Support an argument that the gravitational force exerted by the Earth on objects is directed 
down. 

Specific Connections to Classroom Activity 
In this lesson, students engage in an investigation to determine why satellites stay in orbit rather than fly off into 
space or fall to Earth. Students model the phenomenon using an example of a ball on a string. Students figure 
out that a force must be acting on the satellite to keep it close to Earth (gravity). 

Dimension NGSS Element Connections to Classroom Activity 

Science and 
Engineering 

Practices 

Developing and Using Models 
• Develop and/or use models to describe 

and/or predict phenomena. 
Constructing Explanations and Designing 
Solutions 

During the lesson, students generate and 
share models that explain why a satellite 
remains in orbit. Students defend their ideas 
using their models. 

Students use their models to make sense of 
and explain the phenomena of why a satellite 

http://www.nextgenscience.org/dci-arrangement/5-ps2-motion-and-stability-forces-and-interactions
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• Use evidence to construct or support an 
explanation or design a solution to a
problem. 

Engaging in Argument from Evidence 
• Support an argument with evidence, data, 

or a model. 

doesn’t fly off into space and why it doesn’t 
fall immediately back to Earth. 

At the end of the lesson, students consider 
what it might take for a satellite to fall to Earth 
or drift into space. Students present an 
argument in response to this question and 
support it with a model. 

Disciplinary 
Core Ideas 

PS2.B: Types of Interactions 
• The gravitational force of Earth acting on 

an object near Earth’s surface pulls that 
object toward the planet’s center. 

Using a ball on a string, students consider the 
forces acting on the ball to allow it to move in 
a straight line or in a circle. Students relate 
this to the movement of satellites around 
Earth and realize that a force (gravity) must 
pull objects closer to Earth’s center. 

Crosscutting 
Concepts 

Cause and Effect 
• Cause-and-effect relationships are 

routinely identified, tested, and used to 
explain change. 

At the end of the lesson, students consider 
what might cause a satellite to fall to Earth or 
drift into space. Students present an 
argument for the cause and effect of this 
phenomenon. 

Basic Teacher Preparation 

This lesson is a deep dive into understanding satellite orbits. Review the information in the 
resources and determine which materials/readings to copy for students. Review the Talk Science 
Primer to help you prepare to lead the class consensus discussion. 

Required Preparation Links/Additional Information 

 Gather or purchase all required materials
for the lesson

Refer to the Materials List below 

 Review suggested teacher preparation
resources

Refer to the Suggested Teacher Resources at 
the end of Day 3 

 Download and print the identified articles:
 NASA: Orbits
 Cosmos for Kids satellite article
 FactMonster satellite article
 NASA: What Is an Orbit?

[Web Link 1] 
[Web Link 2] 
[Web Link 3] 
[Web Link 4] 

http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
http://science-edu.larc.nasa.gov/SCOOL/orbits.html
http://www.cosmos4kids.com/files/explore_satellite.html
http://www.factmonster.com/dk/science/encyclopedia/satellites.html#ESCI189ORBITS
http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-orbit-k4.html
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Materials List 

Item 
Description/Additional 

Information 
Quantity 

Where to 
Locate/Buy 

KLEWS chart Same chart created in Day 1 1 chart per 
class 

Created in Day 1 

Grade level 
appropriate 
readings about 
satellites 

Select and print a selection of the 
following options: 

• NASA: Orbits
• Cosmos for Kids satellite

article 
• FactMonster satellite

article
• NASA: What Is an Orbit?

1 article per 
student 

[Web Link 1] 
[Web Link 2] 
[Web Link 3] 
[Web Link 4] 

Science notebooks 1 per student See earlier references 

Chart paper 1 per team Available at most 
schools or craft stores 

Swing ball Toy Can be purchased or made by 
attaching a medium sized ball to 
a string 

1 per team [Web Link] 
[Web Link] 

http://science-edu.larc.nasa.gov/SCOOL/orbits.html
http://www.cosmos4kids.com/files/explore_satellite.html
http://www.factmonster.com/dk/science/encyclopedia/satellites.html#ESCI189ORBITS
http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-orbit-k4.html
http://www.amazon.com/Empower-MP-3353R-SkipFit-Purple/dp/B00PZNQDLC/ref=sr_1_5?ie=UTF8&qid=1460996302&sr=8-5&keywords=skip+it
http://www.amazon.com/Champion-Sports-Swing-Ball-Count/dp/B0013OIHMU/ref=sr_1_9?ie=UTF8&qid=1460996302&sr=8-9&keywords=skip+it
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Day 2: How CubeSats Stay in Orbit? 

Introduction (5 minutes) 

With their homework in hand, students report out to their classmates what their parent or guardian 
told them regarding the effect of satellites on their lives. Lead a class discussion about the 
homework and the connections parents made about satellites and their effect on daily life. Have 
students write any new questions they have on sticky notes and add them the KLEWS chart. 

Investigation: How CubeSats Stay in Orbit (20 minutes) 

Show students a video or image of a satellite in orbit. Pose the question, How does a satellite 
stay in orbit? On chart paper, have students create an initial model showing how satellites stay in 
orbit. 

After creating their initial models, tell students 
that to figure out how satellites stay in orbit, 
they can use a ball on a string model. Show 
students the swing ball toy, which can be 
purchased as listed in the materials section or 
made by attaching a ball to a string and making 
a loop at the opposite end of the string. Tell 
students that the ball will represent the satellite. 

Roll the ball in a straight line. Show students that when a force is applied to the ball, it rolls in a 
straight line. 

Next, place the loop around your ankle and swing the ball in a circle, jumping over the string with 
one foot. Show students that when the ball is attached to your foot, it swings in a circle. 
Alternatively, have a student demonstrate the use of the swing ball. 

Allow students some time to experiment with the phenomenon. 

After students have experimented with the swing ball, tell them their task is to model (on the chart 
paper) why the ball rolls in a straight line when it isn’t attached to your ankle, but swings in a circle 
when it is attached to your ankle. Students should relate this model to their initial model showing 
how a satellite stays in orbit. Challenge students to use arrows to show the various forces acting 
on the ball. 
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Whole Group Discussion: How CubeSats Stay in Orbit (15 minutes) 

Engage the class in a whole group discussion 
to create a class consensus model to illustrate 
why the ball roles in a straight line when it 
isn’t attached to your ankle but spins in a 
circle when it is. Start by having students 
share their ideas with the group. Have 
students defend their ideas with their models. 

In general, students should realize that the 
ankle exerts a force on the ball, pulling the 
ball towards the ankle. As a result, the ball 
moves forward (as it would when pushed in a 
straight line) and toward the ankle, causing a 
circular motion. 

Relate the discussion back to the Earth and satellites. Ask students how their model helps explain 
why satellites don’t just fly off into space. Students should recognize that the Earth exerts a force 
(gravity) on the satellite that keeps the satellite in orbit. 

The images below show potential consensus models. When the group has developed a 
consensus model, have students record the model in the S column of their KLEWS chart. 

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. 

NGSS Key Moment 

During this discussion, students should 
make significant progress on PS2.B. Use 
student contributions and models to 
gauge student progress on PS2.B. 

http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
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Whole Class Discussion: Forces and Motion (Optional) (15 minutes) 

As an optional intervention or extension, play 
the Launchpad: Newton’s Laws On-Board the 
International Space Station video by NASA for 
students. Discuss the connection of the video 
content to their earlier observations about 
laws of motion. 

As a second optional intervention or 
extension, use the Satellites Invention  or 
Rockets and Satellites slideshow about 
rockets and satellites. Afterwards, discuss 
how force and motion in space are different 
than force and motion on Earth. 

Lesson Close (10 minutes) 

Return to the KLEWS chart. Have students add to the E, W, and S columns by writing ideas from 
this lesson on sticky notes. 

Have students write an entry in their science notebooks to address the following questions: 

• Present and defend an argument for how CubeSats stay in orbit. Why don’t they just fly off
into space?

• In some cases, satellites have flown into space or fallen to Earth. Present and defend an
argument (using a model) for why this might happen. Include the idea of cause and effect
in your response.

Video Link

 Launchpad: Newton’s Laws On-
Board the International Space 
Station [YouTube Link] 

Web Resources

Show one of the following presentations: 

 Satellites Invention [Web Link]

 Rockets and Satellites [Web Link] 

https://www.youtube.com/watch?v=KvPF0cQUW7s
https://www.youtube.com/watch?v=KvPF0cQUW7s
http://www.montgomeryschoolsmd.org/uploadedFiles/schools/rockwelles/satellite_invention.ppsx
http://sciencerocks8.wikispaces.com/file/view/Rockets+and+Satellites.ppt
https://www.youtube.com/watch?v=KvPF0cQUW7s
http://www.montgomeryschoolsmd.org/uploadedFiles/schools/rockwelles/satellite_invention.ppsx
http://sciencerocks8.wikispaces.com/file/view/Rockets+and+Satellites.ppt
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Day 3: How CubeSats Stay in Orbit 

Introduction (10 minutes) 

Have students take out their initial model for how a satellite remains in orbit (created at the 
beginning of Day 2). Instruct students to modify their model based on evidence from the 
investigation during Day 2. At the bottom of their chart paper, have students record any questions 
they still have. 

Mini-Lesson: How CubeSats Orbit (20 minutes) 

Tell students that to further understand how satellites orbit, they will do a close reading of a 
nonfiction text. Assign each student to one of the four articles about satellite orbits. Select the 
article according to the students’ reading abilities. 

Instruct each student to read their article. Tell 
them their goal is to figure out as much as 
possible about how satellites orbit. 

After reading the article, have students write 
two main ideas from the article and two 
details to support each main idea. Students 
should also summarize the text. 

Next, instruct students to return to their 
models for how satellites orbit the Earth. 
Instruct students to revise their models based 
on evidence gathered from the readings. 

Whole Group Discussion: How CubeSats Orbit (15 minutes) 

Have students share what they learned from the article with their fellow engineer. Next, have 
student groups share their findings with the whole class and their revised models. Encourage 
students to continue to revise their models as they listen carefully to their classmates’ ideas. 

Lesson Close (5 minutes) 

After reading the articles, students should have a better sense of the different types of satellite 
orbits. Have students add sticky notes to the E, W, and S columns of the KLEWS chart. The new 
sticky notes should address the question, What have we learned about satellite orbits? 

Web Resources

Satellite orbit articles: 

 NASA: Satellite Orbits [Web Link]

 Cosmos for Kids: Explore Satellites

 FactMonster: Satellites [Web Link]

 NASA: What Is an Orbit? [Web 
Link] 

http://science-edu.larc.nasa.gov/SCOOL/orbits.html
http://www.factmonster.com/dk/science/encyclopedia/satellites.html#ESCI189ORBITS
http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-orbit-k4.html
http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-orbit-k4.html
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Assessment 

Use student models and entries in their science notebooks to gauge progress on PS2.B, 
Engaging in Argument from Evidence, and Cause and Effect. Provide appropriate interventions or 
extensions as necessary. Reference Appendix B for suggestions for meeting the needs of all 
learners. 

Community Connections 

Have students discuss with their parent(s) or guardian(s) other examples of orbital motion. Where 
do they see examples on Earth? Where can they think of examples in space? 

Suggested Teacher Resources 

Meeting the Needs of All Learners CubeSats Teacher Handbook, 
Appendix B 

Launchpad: Newton’s Laws On-Board the International 
Space Station [YouTube Link] 

NASA: Satellite Orbits [Web Link] 

Cosmos for Kids: Explore Satellites [Web Link] 

FactMonster: Satellites [Web Link] 

Satellite Invention (slideshow presentation) [Web Link] 

Rockets and Satellites (slideshow presentation) [Web Link] 

NASA: What Is an Orbit? [Web Link] 

Talk Science Primer [Web Link] 

https://www.youtube.com/watch?v=KvPF0cQUW7s
http://science-edu.larc.nasa.gov/SCOOL/orbits.html
http://www.cosmos4kids.com/files/explore_satellite.html
http://www.factmonster.com/dk/science/encyclopedia/satellites.html#ESCI189ORBITS
http://www.montgomeryschoolsmd.org/uploadedFiles/schools/rockwelles/satellite_invention.ppsx
http://sciencerocks8.wikispaces.com/file/view/Rockets+and+Satellites.ppt
http://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-orbit-k4.html
http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
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CubeSats 
Days 4 and 5: How to Build Our CubeSat 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions 

Lesson Overview 

Over the next two class sessions, students work in pairs to build a model CubeSat out of 
cardboard, tin foil, tape, wooden ice pop sticks, and straws. At the start, students are provided 
with the following constraints and testing procedures. 

Constraints: 

• The cube needs to be exactly 10cm3.
• It needs to open so objects can go inside.

Testing Procedures: 

• When completed, the CubeSat will be measured on a scale.
• Each CubeSat’s strength will be tested by dropping it from a height of 6 feet.
• If the CubeSat reaches a failing point (the CubeSat cannot retain its shape), students will

revise their work based on their testing data as well as feedback provided by other
students.

• A new model will be crafted with adjustments moving toward a better CubeSat model
solution.

• New models will be used in a second test.

Connecting to the Next Generation Science Standards 

In this lesson, students make progress toward developing understanding across the following 
three dimensions: 

• Science and Engineering Practices: Planning and Carrying Out Investigations, 
Constructing Explanations and Designing Solutions

• 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. 
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Performance Expectations 

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

3-5-ETS1-2. Generate and compare multiple possible solutions to a problem based on how well each is 
likely to meet the criteria and constraints of the problem. 
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. 

Specific Connections to Classroom Activity 
In this lesson, students design and test their CubeSats. During the testing, students compare multiple possible 
solutions and measure how well each meets the criteria and constraints of the problem. Students carry out fair 
tests and consider failure points. 

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. 

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. 

Students conduct a series of fair tests to 
identify failure points for the CubeSats. 
Students compare the successful 
characteristics of each CubeSat and revise 
their designs based on results from testing. 

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. 

• 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. 

Students test their CubeSats using a series of 
tests designed to identify failure points under 
a range of different conditions. Students 
consider the best features of each design 
solution before revising their design solution. 
Students share their ideas for designs and 
revisions with their classmates. 

Students design CubeSats and then test them 
as a class. Using the best features of 
CubeSats from the class, students redesign 
their CubeSat to test again. 

Crosscutting 
Concepts 

Cause and Effect 
• Cause-and-effect relationships are 

routinely identified, tested, and used to 
explain change. 

Students consider the idea that certain 
CubeSat designs effect particular outcomes. 
Students revise designs to achieve different 
outcomes. 

http://www.nextgenscience.org/3-5ets-engineering-design
http://www.nextgenscience.org/3-5ets-engineering-design
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Basic Teacher Preparation 

This is a very active lesson for students with lots of time built in for student construction of the 
CubeSat models. Collect the necessary materials, in their respective quantities, ahead of time. 

Required Preparation Links/Additional Information 

 Gather or purchase all required materials
for the lesson

Refer to the Materials List below 

 Review suggested teacher preparation
resources

Refer to the Suggested Teacher Resources at 
the end of Day 5 

Materials List 

Item Description/Additional 
Information 

Quantity Where to 
Locate/Buy 

Cardboard 1 sq. foot per 
team 

Can be salvaged from 
boxes 

Rulers 1 per team Available in most 
schools 

Aluminum foil 1 or 2 rolls per 
class 

From dollar store or 
grocery store 

Wooden ice pop 
sticks 

1 package of 
various colors 

Wooden sticks [Web 
Link] 

Straws 1 per student Straws [Web Link] 

Large salad 
spinner 

1 per class Salad spinner [Web 
Link] 

Representation of 
a computer board 

Download and print a computer 
board image onto cardstock or 
paper 

1 per team Available through web 
image searches for 
computer boards 
[Web Link] 

AA battery 1 per team Hardware store 

Wire Can be an actual piece of wire or 
a piece of yarn 

1 per team Bring from home 

http://www.amazon.com/Cornell-1021254-Woodsies-Sticks-1000-Piece/dp/B0033F7YQW/ref=sr_1_1?s=arts-crafts&ie=UTF8&qid=1426708398&sr=1-1&keywords=popsicle+sticks
http://www.amazon.com/Cornell-1021254-Woodsies-Sticks-1000-Piece/dp/B0033F7YQW/ref=sr_1_1?s=arts-crafts&ie=UTF8&qid=1426708398&sr=1-1&keywords=popsicle+sticks
http://www.amazon.com/Perfect-Stix-Concession-Straight-Cut-Unwrapped/dp/B009EE7NL2/ref=sr_1_1?ie=UTF8&qid=1426708760&sr=8-1&keywords=unwrapped+drinking+straws
http://www.walmart.com/ip/Leifheit-Large-Twist-Pump-Salad-Spinner-White/38423135?sourceid=csebr0197d26f6f52564f3584fd1d3658d410f7&wmlspartner=bizratecom&affcmpid=2298891020&tmode=0000&bcfg=196800b463555cb0cedaeabb0c5b6801&veh=cse&szredirectid=14335197294168638115010060301008005&affjs=1&affwt=popupBlank
http://www.walmart.com/ip/Leifheit-Large-Twist-Pump-Salad-Spinner-White/38423135?sourceid=csebr0197d26f6f52564f3584fd1d3658d410f7&wmlspartner=bizratecom&affcmpid=2298891020&tmode=0000&bcfg=196800b463555cb0cedaeabb0c5b6801&veh=cse&szredirectid=14335197294168638115010060301008005&affjs=1&affwt=popupBlank
http://www.google.ne/patents/US20070174699
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Day 4: How to Build Our CubeSat 

Introduction (10 minutes) 

Using the following information, reiterate the engineering task and the purpose behind this 
module’s design problem.  

Very small satellites, called CubeSats, are sent into space. They are 10-cm cubes and carry a 
variety of payloads. CubeSats have been used for countless applications. For example, they have 
been used to help identify and track sea vessels, they can hold sensors that help with weather 
prediction, and they can hold biology experiments sent into space. CubeSats are easier to build 
than other satellites because they are small. Today, you will begin making a model of a CubeSat 
given some specific criteria. 

The criteria are as follows: 

• Your model must be a 10-cm cube.
• It must be able to withstand a 6-foot

drop and still maintain its shape.
• It needs to be able to open so

something can go inside.
• It should be covered with foil.
• Inside the cube, you must include

and securely attach a “computer
board” and “battery” (provided by
the teacher). These can be secured
by duct tape or linked by a “wire” so
they remain attached.

Ask students if they would like to add to the list of criteria or constraints, based on the 
conversation in the previous class session. 

Design Work: Designing CubeSats (30 minutes) 

Student teams have 30 minutes to work in teams of two to create their CubeSat mockup. Make all 
materials available to the class. Move around the room to check on students during the building 
process.

When students are satisfied with their initial model, have students write an entry in their science 
notebooks. The students should include a scientific drawing of their cube (complete with labels) 
and answers to the following questions: 

1. How did you confirm that your model is exactly a 10-cm cube? 
2. How are you calculating your measurements to account for all the materials you are 

using to construct your model? 
3. Why do you think we need to include a battery and a computer board? 
4. How are you are securing the computer board and battery inside the CubeSat? 

NGSS Key Moment 

In addition to the criteria and constraints 
identified by students at the end of Day 1, 
provide the additional list of criteria and 
constrains shown on this page. Students 
should work to address both sets of 
criteria and constraints, helping them 
make progress on ETS1.B. 
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Lesson Close (10 minutes) 

Ask student teams to identify and discuss any changes they might want to make to their models 
during the next class. If time allows, ask students to share what was easy, hard, or unexpected 
about their construction work. 
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Day 5: How to Build Our CubeSat 

Introduction (10 minutes) 

Students retrieve their models and any necessary construction materials so they can make any 
last-minute additions or changes before testing begins. 

Design Work: Testing CubeSats (10 minutes) 

Gather students at a focal point in the room. Tell students that engineers test CubeSats by using a 
shaker table that vibrates at an incredibly high rate in order to simulate a rocket launch. As an 
optional extension, show students the videos of the Shaker Table Tests included in the 
Suggested Teacher Resources. Because we do not have access to a rocket simulator, we are 
going to test our CubeSats a different way. 

One at a time, have the engineering pairs test 
their CubeSat models for failure. Below are 
some ways students can test the strength and 
integrity of the class CubeSats. Relate each 
test to the function of the CubeSat. For 
example, spinning the CubeSat could 
represent the vibrations during a launch 
sequence. Choose one or more of the tests: 

• Drop each CubeSat from a height of 6
feet, and see if it changes its shape or
if the battery and computer board
come loose. Consider dropping from
greater heights to determine how
much higher it can fall before failure
occurs.

• Measure each CubeSat after dropping
it to determine if it is an exact 10-cm
cube.

• Place textbooks one by one on top of
each CubeSat to determine if it can
bear weight. If you want to test to failure, have students use a scale or a triple beam
balance to determine the mass of the books. Make sure to exclude the last book that
caused the box to lose its structural integrity.

• Spin the CubeSat in a large salad spinner, and observe what happens.

During testing, students should record data from their tests and from the tests of their classmates. 
Students should attempt to incorporate the successful characteristics of their classmates’ designs 
into their CubeSat revision. 

At the end of testing, students should discuss and comment on construction ideas that seemed 
successful as well as any new design options to consider. 

NGSS Key Moment 

Testing different solutions using controlled 
tests helps students make progress on 
ETS1.B, ETS1.C and Cause and Effect. 

Helpful Tip

Consider making an 11 x 11 cm mold that 
each CubeSat must fit in at different 
orientations—like those used to measure 
carry-on luggage at airports. This can be 
called the “launcher,” which will only hold 
items that are 10cm3. 
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Design Work: Modifying CubeSats (15 minutes) 

Students return to building and modifying 
their CubeSats to strengthen and optimize 
their design so their cubes can withstand the 
same tests. Optimization is the process of 
redesigning to improve efficiency. 

Lesson Close (15 minutes) 

When students are satisfied with their optimized model, have them write an entry in their science 
notebooks. In their reflection, students should include the following: 

• A scientific drawing of their cube (complete with labels).
• An explanation of the process of making the model, testing to failure, and revising their

model. They should also explain what changes were made in the revision process.
• Any connections to everyday life and/or specific science knowledge that they used in their

designs. A sample prompt could be, When your design failed and you had to redesign 
your model, what science ideas or personal experiences did your team use to 
improve the design? 

If more time is necessary to complete the entries, include this as part of the homework 
assignment. 

Assessment 

Use student reflections in their science notebooks as well as drawings and designs to monitor 
progress on ETS1.B and ETS1.C. Provide appropriate supports as necessary. Reference 
Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

Many communities have software or technology companies that may be doing related satellite 
work. Invite personnel from these companies to share virtually, or via a classroom visit, how they 
test their failure points in their products. 

NGSS Key Moment 

The opportunity to optimize designs is 
essential to building understanding of 
ETS1.B and ETS1.C. 
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Suggested Teacher Resources 

Meeting the Needs of All Learners 
CubeSats Teacher Handbook, 
Appendix B 

Computer Board Image [Web Link] 

Shaker Table Test: Earthquake Protector: Shaker Table 
Crash Testing [YouTube Link] 

Shaker Table Test: Thybar Carrier Shaker Table Testing [YouTube Link] 

Shaker Table Test: Stanford Engineers Build an 
Earthquake-Resistant House Tested on Flat Seismic 
Isolators 

[YouTube Link] 

http://www.google.ne/patents/US20070174699
https://www.youtube.com/watch?v=kzVvd4Dk6sw
https://www.youtube.com/watch?v=ULXjKYbqiC0
https://www.youtube.com/watch?v=Z30rcg3buuw
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CubeSats 
Day 6: Solar Power (Optional) 

Grade Level Grade 5 

Lesson Length One 50-minute session 

Lesson Overview 

During this lesson, students focus on solar energy and experience another engineering challenge. 
First, students learn about solar energy by watching a video on solar power. With this new 
information, students discuss how satellites are powered and how solar power works. Using 
paper as their “solar panels,” students are tasked with generating as much solar power as 
possible for their cube. Should their solar panels just sit on the top of the cube? Should they go all 
the way around? Should they deploy from inside the cube? Students work in the same pairs as 
their previous design experience to devise the system they believe is most optimal. 

Connecting to the Common Core State Standards 

The optional Day 6 lesson is intended to help students build their understanding of solar power 
while simultaneously considering mathematics problems embedded in the design problem. Key 
mathematics standards addressed in this lesson are listed below. The lesson should be adapted 
to support students as they make progress on these standards. 

Connections to the Common Core State Standards 

The optional Day 6 lesson can be easily adapted to support student growth in one or more of the 
following Common Core State Standards for Mathematics: 

 CCSS.Math.Content.5.NF.B.6: Solve real world problems involving multiplication of
fractions and mixed numbers, e.g., by using visual fraction models or equations to represent
the problem.

 CCSS.Math.Content.5.MD.C.3: Recognize volume as an attribute of solid figures and
understand concepts of volume measurement.

 CCSS.Math.Content.5.MD.C.4: Measure volumes by counting unit cubes, using cubic cm,
cubic in, cubic ft, and improvised units.

 CCSS.Math.Content.5.MD.C.5: Relate volume to the operations of multiplication and
addition and solve real world and mathematical problems involving volume.

http://www.corestandards.org/Math/Content/5/NF/B/6/
http://www.corestandards.org/Math/Content/5/MD/C/3/
http://www.corestandards.org/Math/Content/5/MD/C/4/
http://www.corestandards.org/Math/Content/5/MD/C/5/
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Basic Teacher Preparation 

This is another active lesson for students with lots of time built in for student construction of the 
CubeSat models with the solar panels. Collect the necessary materials, in their respective 
quantities, ahead of time. 

Required Preparation Links/Additional Information 

 Gather or purchase all required materials
for the lesson

Refer to the Materials List below 

 Review the Bill Nye video on solar powered
satellites

[YouTube Link] 

Materials List 

Item 
Description/Additional 

Information Quantity 
Where to 

Locate/Buy 

Cardstock Precut into 2.5 cm by 2.5 
cm squares 

Several available for 
each student team 

Available in most 
schools 

Construction paper For use with the 
entire class 

Available in most 
schools 

Tape 1 per student Available in most 
schools 

Scissors 1 per student From student or 
classroom sets 

Glue 2 per team From student or 
classroom sets 

https://www.youtube.com/watch?list=PLTP7oKl8qFmlbOL-RqEbQAzin2t4sSBkx&v=YthXivgXTaM&src_vid=3nj_xq8nfxE&feature=iv&annotation_id=annotation_3371276545
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Day 6: Solar Power 

Introduction (5 minutes) 

As a group, review the growing KLEWS chart. Ask students what they know about solar energy. 
How does it work? How do they think it works? Have students write their ideas about solar energy 
in their science notebooks. Then, lead a group discussion, and write any ideas that surface. Ask 
students to develop questions that can be added to the KLEWS chart. 

Investigation: How to Power CubeSats (20 minutes) 

Show this video (less than 3 minutes long) on 
solar powered satellites for students. In this 
video, Bill Nye explains the Juno satellite that 
has been launched to study Jupiter. After the 
video, pose the following math problem to 
students to study in groups and work on in 
their science notebooks. 

If one square centimeter (cm2) of solar panel can generate 1.5 watts of electricity, how many 
square centimeters of solar panels will you need to generate 500 watts? 

These numbers can be changed based on how adept students are with proportionality and 
algebraic reasoning. 

Review the math problem as a group, and ask students to show how they solved the problem on 
the board. 

Ask students to think about how they might 
generate solar energy on their CubeSat 
models. Where might they put solar panels to 
create the most energy? Write their 
suggestions on the board. If the idea of 
deployable solar panels does not surface 
amongst students, suggest that there may be 
a way for panels to deploy, or come out of the 
cube, once the CubeSat is in space. 

Design Work: Adding Solar Panels (20 minutes) 

Based on the ideas that surfaced during the previous discussion, ask students to add solar panels 
to their CubeSat models. To create their solar panels, they can use cardstock or construction 
paper. In doing so, each team must consider the following constraints: 

• Panels should be able to be removed easily. (Students may move panels when they revise
their models again over the course of the next two days.)

• The strength of the original CubeSat should not be damaged.

Video Link

 Bill Nye video on solar powered
satellites [YouTube Link]

CCSS Key Moment 

Incorporating deployable solar panels 
motivates the need to incorporate the idea 
of volume. 

https://www.youtube.com/watch?list=PLTP7oKl8qFmlbOL-RqEbQAzin2t4sSBkx&v=YthXivgXTaM&src_vid=3nj_xq8nfxE&feature=iv&annotation_id=annotation_3371276545
https://www.youtube.com/watch?list=PLTP7oKl8qFmlbOL-RqEbQAzin2t4sSBkx&v=YthXivgXTaM&src_vid=3nj_xq8nfxE&feature=iv&annotation_id=annotation_3371276545
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• They need to add enough solar panels to generate enough power for the CubeSat to run
(400 watts).

As students work, they can draw a model of their CubeSat in their science notebook, including 
labels and measurements. The model in the notebook should show and explain how solar energy 
is added to their original CubeSat model. 

Lesson Close (5 minutes) 

Invite students to walk around the room and see how other engineers have added solar panels to 
their CubeSats. Do the solar panels extend beyond the cube itself? How do the panels deploy in 
space? Allow students to make any last-minute adjustments and clean up their workspace. 

Assessment 

Use models of solar panels for CubeSats in students’ science notebooks to monitor progress 
during this lesson. Reference Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

Many communities have software or technology companies that may be doing related satellite 
work or solar panel construction/installation in homes or businesses. Invite a solar panel specialist 
to virtually or face-to-face share with the class how solar energy impacts local utility companies 
and home/business owners. Visit online local city sites to explore how city engineers and city 
planners are incorporating solar energy into their designs. 

Suggested Teacher Resources 

Meeting the Needs of All Learners 
CubeSats Teacher Handbook, 
Appendix B 

Bill Nye video about solar powered spacecraft (presented 
by NASA’s Mission Juno) 

[YouTube Link] 

https://www.youtube.com/watch?list=PLTP7oKl8qFmlbOL-RqEbQAzin2t4sSBkx&v=YthXivgXTaM&src_vid=3nj_xq8nfxE&feature=iv&annotation_id=annotation_3371276545
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CubeSats 
Days 7 and 8: Optimize Models with Technology 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions 

Lesson Overview 

During Days 7 and 8, students will be introduced to the “mission” of their CubeSat. They will also 
use a technology tool—a planning spreadsheet—to choose and specify their satellite’s payload. 
Once they work through the planning spreadsheet, students complete a diagram or blueprint 
model of their CubeSat and prepare for the module’s culminating project: writing their mock 
proposal to NASA. 

Connecting to the Next Generation Science Standards 

On Days 7 and 8, students demonstrate understanding of the performance expectations and three 
dimensions developed throughout the entire module. This lesson serves 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 

This lesson incorporates technology and requires students to work with a simple spreadsheet. 
Arrange for teams to have access to computers or a computer lab on Day 7. Ensure students have 
access to spreadsheet software, such as Google Sheets, Microsoft Excel, or another spreadsheet 
program. 

Required Preparation Links/Additional Information 

 Gather or purchase all required materials
for the lesson

Refer to the Materials List below 

 Download and provide students access to
the CubeSat Design Payload (spreadsheet)

[Resource Link] 

https://www.teachingchannel.org/cubesat-engineering-unit-boeing
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Materials List 

Item 
Description/Additional 

Information 
Quantity 

Where to 
Locate/Buy 

Cardstock Should be precut into 2.5 cm by 
2.5 cm squares 

Several 
available for 
each student 
team 

Available in most 
schools 

Construction paper N/A For use with 
the entire 
class 

Available in most 
schools 

Tape N/A 1 per student Available in most 
schools 

Scissors N/A 1 per student From student or 
classroom sets 

Glue 2 per team From student or 
classroom sets 

Desktop or laptop 
computer 

1 per team Available in most 
schools 
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Day 7: Optimize Models with Technology 

Introduction (10 minutes) 

Explain that during the next two days, students use technology to optimize their model based on 
the criteria of each team’s specific CubeSat mission. These missions (determined on Day 1) 
include: 

• Radio communication
• Lightning detection
• Lunar imagery
• Mars
• Imagery

Have students take out and read their mission descriptions from Day 1. 

Design Work: Technology Application (30 minutes) 

After students have read their mission 
descriptions (from Day 1 and in Appendix D), 
demonstrate and explain the CubeSat 
spreadsheet. 

Five tabs are located at the bottom of the 
spreadsheet—one for each mission. Be sure 
each team selects the tab with the worksheet 
appropriate for their mission. 

Students enter values of what they will need 
for their CubeSat to accomplish its mission. 

Payload limits (constraints) are noted in the 
spreadsheet. If a value is too high in a 
particular category, the cell will turn red. 
Yellow cells on the spreadsheet change with  
input, and students need to ensure they do 
not have cost or size overruns. This 
information is noted at the top of the 
spreadsheet. Students need to balance their 
payloads to create a CubeSat that will be able 
to complete the assigned mission. 

Show students an example of entered 
amounts that lead to a red cell and how to 
reenter the information to rebalance the 
payload. In pairs, have students work on their 

mission spreadsheets. Once they are able to enter values that make a balanced CubeSat payload, 
instruct them to enter the data into their science notebooks in the form of a table. The data should 
be written neatly and clearly. 

Helpful Tip

Consider providing copies of the 
spreadsheet online so each student or 
team can access their own spreadsheet. 
Follow school policies to post the 
spreadsheet to a shared folder, drive, or 
web page, such as a class web page. 

To aid student understanding, consider 
making hard copies of the spreadsheet or 
projecting it for discussion. 

Important Note

If students are not familiar with basic 
spreadsheet functions, provide some 
instruction. The spreadsheet has already 
been created, so students primarily need 
to understand how to enter data. 
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Lesson Close (10 minutes) 

To close the lesson, ask students to revisit the information in their science notebooks and begin to 
complete scientific drawings that show a model of their CubeSat. During this time, students can 
also begin to integrate the specific tasks their CubeSat will be expected to accomplish. For 
example, if their CubeSat is a radio satellite, with whom are they seeking to enable 
communication? The specific mission tasks (and or payload expectations) should be recorded in 
the science notebooks.
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Day 8: Optimize Models with Technology 

Introduction (10 minutes) 

Students begin today’s lesson where they left off at the end of the last session. In their science 
notebooks (or on a larger sheet of chart paper or poster board), students complete a model of 
what their optimized CubeSat looks like. They also write a description of the payload 
components—exactly what needs to go inside the CubeSat model. Clarify for students that at this 
point their notebooks contain all of their own constraints, and each set of constraints is specific to 
their description of their mission. 

Design Work: Work Time (30 minutes) 

Allow students to complete their scientific model drawing (including labels) and write up. If teams 
have extra time, encourage them to tweak their physical model as necessary or desired.

Design Work: Gallery Walk (10 minutes) 

To close the lesson, invite students to do a gallery walk around the classroom to see how other 
CubeSat models are coming together. Have students provide kind, helpful, and specific feedback 
to other groups using sticky notes. 

Assessment 

Use the CubeSat drawing to monitor progress during Days 7 and 8. Reference Appendix B for 
suggestions for meeting the needs of all learners. 

Community Connections 

Students can ask parents, guardians, or other family members if/how they use spreadsheets in 
their workplace. 
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Suggested Teacher Resources 

Meeting the Needs of All Learners 
CubeSats Teacher Handbook, 
Appendix B 

Mission Details 
CubeSats Teacher Handbook, 
Appendix D 

CubeSat Design Payload (spreadsheet) [Resource Link] 

https://www.teachingchannel.org/cubesat-engineering-unit-boeing
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CubeSats 
Days 9 and 10: NASA Proposal 

Grade Level Grade 5 

Lesson Length Two 50-minute sessions 

Lesson Overview 

On Days 9 and 10, students develop, refine, and deliver mock proposals to NASA. Students 
develop an oral presentation that is augmented with visuals, including their CubeSat model, the 
model drawings, and any other visuals desired. The presentations should answer the 
Presentation Questions. 

Presentation Questions 

Each presentation should answer the 
following questions: 

• What is the payload for your team’s 
CubeSat? 

• What does the payload measure, 
and how did your team determine its 
components? 

• How have you refined the design of 
your CubeSat to optimize its 
productivity and power? 

• What new learning and information 
did you incorporate into your overall 
design and presentation? 

On Day 9, students write the proposal in their engineering team pairs, and on Day 10, using their 
own CubeSat models and diagrams, they present their proposals. Ideally, presentations are given 
to a panel of parents or other invited adult guests. The panel should provide specific feedback on 
the presentations, including the Presentation Feedback Criteria shown below. 

Presentation Feedback Criteria 

Feedback should include how well each team: 

• Describes their CubeSat technology 
• Addresses their engineering design 

challenge 
• Configures their choice of payload  

Helpful Tip

Consider providing a student handout with 
the Presentation Questions for each 
student team. 

Helpful Tip

Consider providing a handout for panel 
members that includes the Presentation 
Questions and Presentation Feedback 
Criteria. 
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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. This lesson serves as a performance 
assessment in which all of the performance expectations and dimensions are addressed in the 
final presentation. Refer to the performance expectations, disciplinary core ideas, science and 
engineering practices, and crosscutting concepts referenced in the front matter of this module. 

Basic Teacher Preparation 

The culminating project assumes that students present their proposals to an authentic audience. 
Ideally, this would include adults from outside the classroom. Audience members could be other 
teachers, parents, or volunteers (engineers) from the community. Secure the participation of 
audience members in advance. 

Required Preparation Links/Additional Information 

 Gather or purchase all required materials
for the lesson

Refer to the Materials List below 

 Make arrangements to have a panel of
guests in attendance for student
presentations

 Review suggested teacher preparation
resources

Refer to the Suggested Teacher Resources at 
the end of Day 10 

Materials List 

Item Description/Additional 
Information 

Quantity Where to 
Locate/Buy 

Science notebooks 
or loose-leaf paper 

1 per student Available in most 
schools 

Artifacts from the 
module’s earlier 
design tasks 

Students will have created 
these artifacts already 

Several items 
for each team 

Previously created by 
students 

Presentation 
Rubric 

1 per student CubeSats Teacher 
Handbook, Appendix C 
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Day 9: NASA Proposal 

Introduction (10 minutes) 

Today (Day 9), students use technology to optimize their CubeSat models based on the criteria of 
each team’s specific mission. Students received this information on Day 7. 

Announce that NASA offers a “free ride” into space for CubeSats that serve an educational 
purpose. During the next and final lesson (Day 10), each design team presents their NASA 
proposal to a panel of engineers, teachers, and/or parents who are qualified to evaluate each 
team’s CubeSat and determine if it should qualify for a free ride into space. 

The panel members use the Presentation Rubric (Appendix C), which is based on ELA Speaking 
and Listening standards. Panel members and students should receive a copy of the Presentation 
Rubric ahead of time. 

Design Work: Final Presentation (40 minutes) 

Students have the rest of the class session to refine their physical CubeSat model and diagrams, 
and to create a small informational poster with the name of their mission and an explanation of 
what their mission will accomplish. This piece gives students a bit of freedom and creativity within 
the constraints. Student teams should also prepare a brief presentation explaining their process, 
the hopes they have for the mission, and the design choices they made. 

Review the CubeSat Presentation Guidelines below, which lists presentation expectations. Also 
distribute the CubeSat Presentation Rubric (Appendix C) so students understand the evaluation 
criteria. 

CubeSat Presentation Guidelines 
Your team’s presentation must: 

 Explain why your CubeSat mission will be a success
 Include a 3-minute oral presentation that explains your engineering process, the design

features of your CubeSat (matched to its mission), and an overview of the CubeSat
payload

 Include a role for each person on your team in the presentation
 Include the actual model of your CubeSat
 Include samples of the model or blueprints used by your team
 Provide any other visuals that would make the presentation interesting

Be sure that your presentation answers the following: 

 What is the payload for your team’s CubeSat?
 What does the payload measure, and how did your team determine its components?
 How have you refined the design of your CubeSat to optimize its productivity and power?
 What new learning and information did you incorporate into your overall design and

presentation?
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Day 10: NASA Proposal 

Whole Group Discussion: Final Presentations (50 minutes) 

Each pair of students has a maximum of 5 minutes to give their presentation to a panel of parents, 
teachers, and community members. This “NASA Board” will provide students with feedback after 
each presentation. Also consider having students provide feedback to each other. 

Assessment 

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

Community Connections 

Professionals from the community can be invited to serve as part of the NASA panel of experts. If 
community members are able to participate in the panel, be sure to give them the Presentation 
Questions (Day 9), Presentation Feedback Criteria (Day 9), and Presentation Rubric (Appendix 
C) ahead of time. A set of 5 to 10 scaffolded questions would also be appropriate to give to the
community members to guide the Q&A session after each group’s presentation. Be sure to limit
the Q&A feedback time to 2 minutes per group so every group can present during one class
period.

Suggested Teacher Resources 

Meeting the Needs of All Learners CubeSats Teacher Handbook, 
Appendix B 

Presentation Rubric CubeSats Teacher Handbook, 
Appendix C 

Presentation Questions 
CubeSats Teacher Handbook, 
Day 9 

Presentation Feedback Criteria 
CubeSats Teacher Handbook, 
Day 9 

CubeSat Presentation Guidelines CubeSats Teacher Handbook, 
Day 9 
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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 
Mission Details 

Review the five satellite mission statements. Each team must decide what payload and components they 
want to include on their assigned mission. 

Radio Communication 
Imagine a radio station that can broadcast its signal from more than 22,000 miles (35,000 kilometers) away 
and then come through on your car radio with complete clarity. You could drive from Tacoma, WA to 
Washington, DC without ever having to change the radio station! Not only would you never hear static 
interfering with your favorite tunes, but the music would be interrupted by few or no commercials. 

Radio's ground station transmits a signal to its two active GEO satellites, which bounce the signals back 
down to radio receivers on the ground. The radio receivers are programmed to receive and unscramble the 
digital data signal, which contains more than 170 channels of digital audio. In addition to the encoded 
sound, the signal contains information about the broadcast. The song title, artist, and genre of music are all 
displayed on the radio. In urban areas, where buildings can block out the satellite signal, satellite radio 
broadcasting systems are supplemented by ground transmitters. 

source: http://electronics.howstuffworks.com/satellite-radio.htm 

Lightning Detection 
Sensors send the raw data via a satellite-based communications network to the Network Control Center 
operated by a company in Tucson, AZ. Within seconds of a lightning strike, the NCC processes information 
on the location, time, polarity, and amplitude of each strike. The lightning information is then communicated 
to users across the country. 

Lightning data collected by the satellite system is available for use in two categories—real time and archive. 
Real time data subscribers receive live, second-by-second data on lightning activity within their own 
designated area of application, up to and including the 48 contiguous states. A data library contains over 
160 million flashes from 1989 to the present. 

Satellites can detect both cloud-to-ground and inter-cloud lightning. This helps severe weather forecasters 
to identify rapidly intensifying thunderstorms so they can issue accurate and timely severe thunderstorm 
and tornado warnings. 

source: www.nssl.noaa.gov 

Lunar Imagery 
The Lunar Reconnaissance Orbiter (LRO) is a NASA robotic spacecraft currently orbiting the Moon in an 
eccentric 30 by 180 km (19 by 112 mi) polar mapping orbit. The LRO mission is a precursor to future 
human and robotic missions to the Moon by NASA. To this end, a detailed mapping program will identify 
safe landing sites, locate potential resources on the Moon, characterize the radiation environment, and 
demonstrate new technology. 

The probe will make a 3-D map of the Moon's surface and has provided some of the first images of Apollo 
equipment left on the Moon. The first images from LRO were published on July 2, 2009, showing a region 
in the lunar highlands south of Mare Nubium (Sea of Clouds).  

Launched on June 18, 2009, in conjunction with the Lunar Crater Observation and Sensing Satellite 
(LCROSS), as the vanguard of NASA's Lunar Precursor Robotic Program, this is the first United States 
mission to the Moon in over 10 years. LRO and LCROSS are the first missions launched as part of the 

http://electronics.howstuffworks.com/radio.htm
http://electronics.howstuffworks.com/satellite-radio.htm
http://www.nssl.noaa.gov/
http://en.wikipedia.org/wiki/Robotic_spacecraft
http://en.wikipedia.org/wiki/Moon
http://en.wikipedia.org/wiki/List_of_man-made_objects_on_the_Moon
http://en.wikipedia.org/wiki/Mare_Nubium
http://en.wikipedia.org/wiki/LCROSS
http://en.wikipedia.org/wiki/Lunar_Precursor_Robotic_Program
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United States Vision for Space Exploration program. The total cost of the mission is reported as $583 
million, of which $504 million pertains to the main LRO probe and $79 million to the LCROSS satellite. 

source: www.nssl.noaa.gov 

Mars 
One Mars satellite is the Mars Orbiter Mission (MOM), which is a spacecraft orbiting Mars since 
September 24, 2014. It was launched on November 5, 2013 by the Indian Space Research Organization. 
(ISRO). It is India's first interplanetary mission, and ISRO has become the fourth space agency to reach 
Mars, after the Soviet space program, NASA, and the European Space Agency. It is the first Asian nation to 
reach Mars orbit, and the first nation in the world to do so in its first attempt. 

The Mars Orbiter Mission probe lifted-off from the First Launch Pad at Satish Dhawan Space Centre. The 
launch window was approximately 20 days long and started on October 28, 2013. The MOM probe spent 
about a month in Earth orbit, before traveling to Mars. After a 298-day transit to Mars, it was successfully 
inserted into Mars orbit on September 24, 2014. 

The mission is a "technology demonstrator" project to develop the technologies for design, planning, 
management, and operations of an interplanetary mission. It carries five instruments that will help advance 
knowledge about Mars to achieve its secondary, scientific objective. The spacecraft is currently being 
monitored from the Spacecraft Control Centre at ISRO Telemetry, Tracking and Command Network 
(ISTRAC) in Bangalore with support from Indian Deep Space Network (IDSN) antennae at Byalalu. 

source: www.nssl.noaa.gov 

Imagery 
Satellite images are one of the most powerful and important tools used by meteorologists. They are 
essentially the eyes in the sky. These images reassure forecasters of the atmosphere’s behavior because 
they give a clear, concise, and accurate representation of how events are unfolding. Forecasting the 
weather and conducting research would be extremely difficult without satellites. Data taken at stations 
around the country is limited in its representations of atmospheric motion. It is still possible to get a good 
analysis from the data, but because the stations are separated by hundreds of miles, significant features 
can be missed. Satellite images aid in showing what cannot be measured or seen. In addition, satellite 
images are viewed as truth, with no chance for error. Satellite images provide first-hand data. 

Satellites images give a good representation of what is happening at every point in the world, especially 
over oceans where large gaps in data occur. Data can only be taken at certain points around the world. 
Without this data, forecasting would be just as difficult as not having satellites. It is essential to have both 
land and satellite data. Having the two together gives a much better understanding as to how the 
atmosphere is behaving and greatly improves forecasting accuracy. 

Two types of satellites orbit Earth—geostationary and polar. Geostationary Operational Environmental 
Satellites (GOES) remain above a fixed location on the Earth's surface, approximately 22,500 km above the 
equator. Because the satellites rotate with the Earth, they always view the same portion of the globe. In 
contrast, polar orbiting satellites orbit at much lower elevations (800–900 km). Their path is 2,400 km wide 
centered at the orbit path. The polar satellites observe a new path on each orbit. Polar satellites are not as 
useful to operational meteorologists because they do not continuously view the same area. However, some 
polar satellites provide more accurate atmospheric temperature and moisture data in all weather situations. 
Geostationary satellites allow meteorologists to view the weather as it develops since they view the same 
area continuously. 

source: www.nssl.noaa.gov, http://noaasis.noaa.gov/NOAASIS/ml/genlsatl.html 

http://en.wikipedia.org/wiki/Vision_for_Space_Exploration
http://www.nssl.noaa.gov/
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http://en.wikipedia.org/wiki/List_of_space_agencies
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http://en.wikipedia.org/wiki/Geocentric_orbit
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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. 

CubeSat A type of miniaturized satellite (10-cm cube) for space research that usually has 
a volume of exactly one liter, has a mass of no more than 1.33 kilograms, and 
typically uses commercial, off-the-shelf electronic components.* 

energy Power derived from the utilization of physical or chemical resources, especially 
to provide light and heat or to work machines. 

engineering The branch of science and technology concerned with the design, building, and 
use of engines, machines, and structures. 

failure In scientific testing, the condition or fact of not achieving the desired end or 
ends; the failure of an experiment. 

force An influence tending to change the motion of a body or produce motion or 
stress in a stationary body. The magnitude of such an influence is often 
calculated by multiplying the mass of the body by its acceleration. 

gravity The force that attracts a body toward the center of the Earth, or toward any 
other physical body having mass. For most purposes Newton's laws of gravity 
apply, with minor modifications to take the general theory of relativity into 
account. 

inertia A property of matter by which it continues in its existing state of rest or uniform 
motion in a straight line, unless that state is changed by an external force. 

mission An important assignment carried out for scientific or commercial purposes, 
typically involving travel. 

NASA National Aeronautics and Space Administration 

optimize To make the best or most effective use of. 

orbit Curved path of a celestial object or spacecraft around a star, planet, or moon 

payload The part of a vehicle’s load, especially an aircraft’s, from which revenue is 
derived; passengers and cargo. 

satellite An artificial body placed in orbit around the Earth, Moon, or another planet in 
order to collect information or for communication; or a celestial body orbiting 
the Earth or another planet. 

solar power Power obtained by harnessing the energy of the sun's rays. 

* Definition by LunarSail (www.lunarsail.com). 




