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Extreme Biosuits 
Days 4 and 5: Materials We Can Use to Develop a Biosuit 

Grade Level Middle School  

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

Lesson Overview 

Students link the ideas of human response to stimuli to thermal energy transfer. Students realize 
that to keep their diver safe, they must limit the thermal energy transfer from the human body to 
the surrounding environment. Students select materials for their biosuits that minimize the transfer 
of thermal energy. 

Students are also introduced to the budgetary constraints that impact biosuit development, and 
they learn which materials may be used in their designs. Students start to map their environmental 
and budgetary constraints. Key considerations include: 

• What material choices help ensure survival in extreme environments? 
• What body parts need to be protected? 
• What are the costs of the materials? 
• How might cost impact final selection? 
• Will the planned biosuit enable the scientist or engineer to perform their tasks? 

Connecting to the Next Generation Science Standards 

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

• Science and Engineering Practices: Asking Questions and Defining Problems,
Constructing Explanations and Designing Solution

• Disciplinary Core Ideas: ETS1.A Defining and Delimiting Engineering Problems, ETS1.B
Developing Possible Solutions, PS3.B Conservation of Energy and Energy Transfer

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

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: 

MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a 
successful solution, taking into account relevant scientific principles and potential impacts on people 
and the natural environment that may limit possible solutions. 
MS-ETS1-4. Develop a model to generate data for iterative testing and modification of a proposed 
object, tool, or process such that an optimal design can be achieved. 

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

MS-PS3-3. Apply scientific principles to design, construct, and test a device that either minimizes or 
maximizes thermal energy transfer.  

Specific Connections to Classroom Activity 
An important step in defining the criteria and constraints of the design problem is made in this lesson as 
students relate the science ideas embedded in MS-PS3-3 to the design problem. At this point in the module, the 
science ideas developed during Days 1 through 3 become instrumental to solving the design problem. 

In this lesson, students begin to work with the idea of energy transfer to design a biosuit. The biosuit must 
minimize the transfer of thermal energy. With science ideas in mind, students develop a model of their proposed 
biosuit and a justification for how it might work. 

Dimension NGSS Element Connections to Classroom Activity 

Science and 
Engineering 

Practices 

Asking Questions and Defining Problems 

• Define a design problem that can be 
solved through the development of an 
object, tool, process, or system and 
includes multiple criteria and constraints, 
including scientific knowledge that may 
limit possible solutions. 

Constructing Explanations and Designing 
Solutions 

• Undertake a design project, engaging in 
the design cycle, to construct and/or 
implement a solution that meets specific 
design criteria and constraints. 

• Apply scientific ideas or principles to 
design, construct, and test a design of an 
object, tool, process or system. 

After working with the design problem for the 
first three lessons, students further define the 
problem by adding science ideas to determine 
possible solutions. Students work with the 
ideas of energy transfer and human response 
to stimuli. 

In this lesson, students begin the process of 
finding materials and drafting a design 
product. Students begin the design cycle by 
engaging in the initial steps of constructing 
the design product. 

Disciplinary 
Core Ideas 

ETS1.A Defining and Delimiting Engineering 
Problems 

• The more precisely a design task’s criteria 
and constraints can be defined, the more 
likely it is that the designed solution will be 
successful. Specification of constraints 
includes consideration of scientific 
principles and other relevant knowledge 
likely to limit possible solutions. 

ETS1.B: Developing Possible Solutions 

• Models of all kinds are important for 
testing solutions. 

Students consider relevant scientific principles 
while they consider possible design solutions. 
As students determine the possible materials 
to use in their design product, they consider 
the ideas of thermal energy transfer and 
human response to stimuli. This lesson helps 
students further define the design problem by 
including relevant science ideas. 

Students develop biosuit models prior to 
building their biosuits in subsequent lessons. 
Students justify their design decisions using 
their models. 

http://www.nextgenscience.org/msets1-engineering-design
http://www.nextgenscience.org/msets1-engineering-design
http://www.nextgenscience.org/dci-arrangement/ms-ps3-energy
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PS3.B: Conservation of Energy and Energy 
Transfer 

• Energy is spontaneously transferred out of 
hotter regions or objects and into colder 
ones. 

After investigating the human response to 
cold water, students realize that they must 
protect the diver. To do so, students must 
minimize thermal energy transfer from the 
body to the external environment. Students 
work with ideas related to thermal energy 
transfer as they determine which materials to 
use and how to construct their biosuits. 

Crosscutting 
Concepts 

Influence of Science, Engineering, and 
Technology on Society and the Natural 
World 

• The uses of technologies and limitations 
on their use are driven by individual or 
societal needs, desires, and values; by the
findings of scientific research; and by
differences in such factors as climate,
natural resources, and economic
conditions.

Energy and Matter 

• The transfer of energy can be tracked as 
energy flows through a designed or 
natural system. 

Structure and Function 

• Structures can be designed to serve 
particular functions by taking into account 
properties of different materials and how 
materials can be shaped and used. 

While designing their biosuits, students 
consider the use of their technology by 
society. Students realize that the biosuits 
must serve a particular function in a particular 
environment. 

As students select materials for their biosuits, 
they consider the flow of thermal energy from 
the human body to the surrounding 
environment. 

Students purposefully design structures 
(biosuits) using different materials to serve a 
particular function. In designing biosuits, 
students must take into account the intended 
function and the various materials that can be 
used. 

Basic Teacher Preparation 

Students continue to work with their teams. In this lesson, each team creates specific parts of a 
biosuit, rather than an entire biosuit model, to address the tasks. The full biosuit testing occurs on 
the final presentation day. 

For this lesson, and the subsequent build day lessons, all required materials must be available and 
organized in a way that makes it easy for student teams to “purchase” materials. Materials should 
be set up in a secure place in a way that resembles a store and ensures that students cannot 
retrieve materials without teacher permission. 

Students should be guided as needed during group discussions and time management to make 
sure they manage their time to meet the day’s deliverables. 

Refer to the Extreme Biosuits Student Handbook ahead of time so you can address any 
questions students might have. All Day 4 and 5 documents can be found on pages 24–27 of the 
Extreme Biosuits Student Handbook. The documents used in this lesson are:  

• Biosuit Draft Sketch (page 24)
• Materials List (page 25)
• Draft Team Budget Sheet (page 26)
• Actual Team Budget Sheet (page 27)
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Required Preparation Links/Additional Information 

 Gather or purchase the required materials
for the lesson

Refer to the Materials List below 

 Review suggested teacher preparation
resources and the recommended websites

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

 Set up the materials “store” Refer to the Materials List below 

Materials List 

Item Description/Additional 
Information 

Quantity Where to 
Locate/Buy 

Extreme Biosuits 
Student Handbook 

Given to students on Day 1 1 per student [Resource Link] 

Ski gloves 2 or 3 pairs per class Bring from home or 
ask students to 
provide 

Rubber gloves 2 or 3 pairs per class Bring from home or 
buy at local store 

Goggles 3 or 4 per class Purchase [Web Link] 

Snorkel 2 per class Bring from home or 
purchase [Web Link] 

2-liter bottles 3 per class Bring from home 

Plastic tubing 10–12 feet per class Plastic tubing [Web 
Link] 

Felt Several yards per 
class 

Felt [Web Link] 

Buckets 3 per class Bring from home or 
buy at local store 

1-gallon milk jugs 3 per class Bring from home or 
buy at local store 

Plastic cups 3–5 per class Bring from home or 
buy at local store 

Aluminum pans 2 per class Bring from home or 
buy at local store 

Cotton balls 50 per class Bring from home or 
purchase [Web Link] 

Wire hangers 3 per class Bring from home or 
buy at local store 

https://www.teachingchannel.org/biosuit-engineering-unit-boeing
http://www.amazon.com/3M-Protection-Chemical-Splash-Impact/dp/B00467C7AE/ref=sr_1_20?ie=UTF8&qid=1433867468&sr=8-20&keywords=goggles
http://www.amazon.com/Aquamarine-J-Snorkel-Included-Snorkel-Keeper/dp/B00WUNJ4SY/ref=sr_1_24?s=outdoor-recreation&ie=UTF8&qid=1433867520&sr=1-24&keywords=snorkel
http://www.amazon.com/Watts-SVGE10-Pre-Cut-Diameter-10-Foot/dp/B000HE5DUG/ref=sr_1_1?ie=UTF8&qid=1433867613&sr=8-1&keywords=plastic+tubing
http://www.amazon.com/Watts-SVGE10-Pre-Cut-Diameter-10-Foot/dp/B000HE5DUG/ref=sr_1_1?ie=UTF8&qid=1433867613&sr=8-1&keywords=plastic+tubing
http://www.amazon.com/Craft-Felt-Inch-Wide-Yards/dp/B0016880RA
http://www.amazon.com/Intrinsics-Beauti-Balls-100%25-Cotton/dp/B000QUAJUK/ref=sr_1_1?ie=UTF8&qid=1433867790&sr=8-1&keywords=cotton+balls


Science and Innovation Extreme Biosuits 

Copyright ©2016 5 

Aluminum foil 25 feet per class Bring from home or 
buy at local store 

Flashlight 2 per class Bring from home or 
purchase [Web Link] 

Plastic wrap 25 feet per class Bring from home or 
buy at local store 

Newspapers 10 sheets Bring from home 

Tweezers 2 per class Bring from home or 
purchase [Web Link] 

Dish soap 1 bottle per class Bring from home or 
buy at local store 

Duct tape 1 roll per class Bring from home or 
buy at local store 

Masking tape 1 or 2 rolls per class Bring from home or 
buy at local store 

String 10 feet per class Bring from home or 
buy at local store 

Cardboard boxes 5 small boxes per 
class 

Bring from home or 
buy at local store 

Hot glue gun 1 per group Bring from home or 
purchase [Web Link] 

Scissors Several per class Available in most 
schools 

Stapler Several per class Available in most 
schools 

http://www.amazon.com/Rayovac-9-Lumen-Flashlight-Batteries-VB1DLED-B2A/dp/B00C1UXESW/ref=sr_1_8?ie=UTF8&qid=1433867864&sr=8-8&keywords=flashlight
http://www.amazon.com/Maybelline-Expert-Tools-Slant-Tweezer/dp/B003FZ6Y84/ref=sr_1_3?ie=UTF8&qid=1433868017&sr=8-3&keywords=tweezers
http://www.amazon.com/Stanley-GR20K-Trigger-Feed-Melt/dp/B000NIFKRM/ref=sr_1_2?ie=UTF8&qid=1433868060&sr=8-2&keywords=hot+glue+gun
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Day 4: Materials We Can Use to Develop a Biosuit 

Introduction (5 minutes) 

Begin the lesson by referencing the DQB. Remind students that their goal is to design a biosuit 
that can be worn in an extreme environment and allow a scientist or engineer to do their work 
comfortably. Review the ideas that students have already developed (What is a biosuit? Why are 
biosuits needed in certain environments?). Tell students that they are now going to work with 
the third question on the DQB, How can we design a model to test our biosuit? 

Ask students to recall why it may be dangerous for scientists or engineers to work in an extreme 
environment. Lead a short discussion about the dangers of working in extreme environments. 

Whole Group Discussion: Minimizing Thermal Energy Transfer 
(10 minutes) 
Engage students in a whole group discussion about the design features of their biosuits. Ask 
students to think about what features the biosuit must have in order to keep the scientist or 
engineer warm and still enable the scientist or engineer to do his or her job. 

During the discussion, place an emphasis on 
the ideas of heat and energy. Ask students to 
recall what they already know about energy. 
At this point in the learning progression, they 
should know that the term heat in everyday 
language refers to thermal energy, and 
thermal energy is the motion of atoms or 
molecules in a substance. Students should 
also have a beginning understanding of the 
idea that energy can be transferred between 
two objects. During this discussion, push 
students to consider how energy is 
transferred. Students should think deeply 
about how to keep their scientist or engineer 
warm by minimizing the energy transfer from 
the body to the environment. 

Students must begin to consider the ideas of energy transfer during this discussion. During Days 4 
and 5, students experiment with various materials to keep their scientist or engineer warm. During 
this experimentation, students begin to develop a better understanding of the idea that the types 
of matter present in a system matters in terms of energy transfer. 

NGSS Key Moment

This discussion is a key moment in the 
module because it links MS-LS1-8 to MS-
PS3-3 in the context of an engineering 
design challenge. Because the human 
body responds to stimuli, biosuits must be 
designed to reduce thermal energy 
transfer. In this discussion, students link 
the two key science ideas to the design 
problem. 
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Design Work: Biosuit Draft Sketch (10 minutes) 

Now that students have started to consider the 
idea of energy transfer in the biosuit, have 
students work with this idea as they begin to 
draft their biosuits. 

Have students turn to Biosuit Draft Sketch on 
page 24 in the Extreme Biosuits Student 
Handbook. Instruct students to begin to 
brainstorm biosuit features. Students work in 
teams to sketch an initial draft of their biosuits. 

Remind students that they need to think 
carefully about the energy transfer from the 
human to the ocean system. Students should 
justify their design decisions using science 
ideas. 

Images provided by Renee Crawford. 

NGSS Key Moment

As students engage in design work, they 
should continually reference the science 
ideas developed on Days 1 through 3. 
Encourage students to continually refer to 
the ideas embedded in MS-LS1-8 and 
MS-PS3-3 (response to stimuli and 
thermal energy transfer). By doing so, 
students continue to build on MS-LS1-8, 
MS-PS3-3, and MS-ETS1-1. 
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Design Work: Materials Research (15 minutes) 

Once students have an initial draft of their biosuits, show students the available materials. 
Reference the Materials List for Budgeting on page 25 in the Extreme Biosuits Student 
Handbook. Also, place the materials around the room, so students can examine all the materials. 

Tell students that before selecting materials, they need to consider the properties of each material. 
Their goal is to determine which materials would be best suited for their biosuit model, given the 
constraints of the performance task and its related environment. Allow students to test which 
materials work as better insulators. For instance, students may wrap an ice cube in equal 
thicknesses of felt, layered aluminum foil, and newspaper, and measure which ice cube lasts the 
longest. After testing the materials, have students include their selected materials on their Biosuit 
Draft Sketch on page 25 in the Extreme Biosuits Student Handbook 

Tell students that the available materials can also be used to represent materials that are not 
available in the classroom. For example, the aluminum foil could represent a bullet proof layer or 
Mylar. The felt could represent nylon layers. The rubber could represent neoprene. Students may 
choose to do additional materials research on their own. 

Remind students that they may want to consider including multiple layers in their biosuit. 

Design Work: Budgetary Planning (10 minutes) 

Refer students to Materials List for Budgeting 
on page 25 in the Extreme Biosuits Student 
Handbook. Inform teams that they have a 
$25,000 budget, and it cannot be exceeded. 
Allow 5 minutes for each student to complete a 
Draft Team Budget Sheet on page 26 in the 
Extreme Biosuits Student Handbook. Next, 
have students share their individual budgets 
with their teams, and then, as a team, come to 
consensus on a proposed budget. Instruct 
students to record their actual budget on the 
Actual Team Budget Sheet on page 27 in the 
Extreme Biosuits Student Handbook.  

NGSS Key Moment

By considering the budget, students 
consider relevant constraints to the design 
problem. This helps students make 
progress on MS-ETS1-1. 
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Day 5: Materials We Can Use to Develop a Biosuit 

Introduction (5 minutes) 

Refer students to the Engineering Design Process on page 1 in the Extreme Biosuits Student 
Handbook. Point out to students that they should have already come to consensus on the best 
solution (Step 4) and they are now going to construct their prototype (Step 5). 

Design Work: Materials Purchase (10 minutes) 

Remind student teams that they have a 
$25,000 budget that cannot be exceeded. 
Have teams select and purchase their team 
materials based on their agreed upon budget. 
As students purchase materials, they must 
provide a justification for each purchase. The 
justification must reference at least one of the 
two key science ideas—the human body 
response to cold or thermal energy transfer. 

Students must justify their purchases using the criteria for the job (for example, the scientist or 
engineer needs to see in the dark). If a justification seems insufficient, the student group needs to 
revise their justification and try again. 

Design Work: Design and Build (25 minutes) 

The groups begin to construct their biosuit models. Students should use the Biosuit Draft Sketch 
on page 24 in the Extreme Biosuits Student Handbook to modify and improve their model ideas 
before purchasing materials. 

As students work, prompt students to justify their decisions and provide reasoning. Circulate 
around the teams and ask questions that focus on the key science ideas. 

Example questions include: 

• I noticed that you selected aluminum. What does the aluminum represent? Why did 
you think aluminum was the best choice? Why did you think the aluminum was better 
than the felt? (Push students beyond budgetary constraints and toward science 
ideas.) 

• How does this allow the scientist or engineer to get the job done? 
• How does your biosuit protect your diver? 
• How does your biosuit minimize energy transfer? 
• Why did you decide to use two layers instead of three? 
• What materials would add if you had an unlimited budget? Why? 

Helpful Tip

Have at least one copy of the Materials 
List for Budgeting available at the store. 

Consider staggering purchasing 
throughout Days 4 and 5. 
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Lesson Close (10 minutes) 

Tell students that in the next lesson, they will 
have 5 minutes to prepare to present their 
biosuit design and budget to other teams. The 
goal of each presentation is to receive 
feedback for possible design improvements 
and/or budget considerations. 

Guide students to reflect on how they plan to 
share their design and budget with other 
teams. Inform teams that each member must 
have a speaking role in presenting their 
design, model construction (to date), and 
budget. 

Inform teams that after they have received 
feedback from the other teams, they might 
want to redesign and/or rework their budget. 
Emphasize the importance of justifying design 
decisions with science ideas or evidence from 
investigations. 

Assessment 

Several opportunities for formative assessment exist in this lesson: 

• Extreme Biosuit Student Handbook entries can be used to monitor student progress
during the module. For this lesson, focus specifically on the Biosuit Draft Sketch on page
24 and the justifications for purchases on page 26.

• Carefully check student justifications at the store to monitor student understanding. Listen
for key understandings about heat transfer and material properties.

Helpful Tip

To save time, consider having the 
marketing manager on each team 
coordinate the presentation throughout 
Days 4 and 5. 

Helpful Tip

Consider having a shoebox or plastic tub 
for each team to store their supplies and 
model. 

Important Note

The materials available to students do not meet all the specifications and resources that real 
engineers might be able to access. However, as students think more about the functional 
needs of the biosuit for task completion and survival needs in extreme environments, they 
should relate the materials they select to actual materials that would be used in an authentic 
“build” situation. For example, more costly biosuits might use neoprene or Mylar materials 
(among others). Students should provide several reasons and connect their thinking to their 
draft sketch and eventual biosuit descriptions and presentations—the more, the better. 
Students should indicate what each selected material helps them to achieve and explain 
whether tradeoffs, such as cost and availability, were or were not a factor in making their 
selection. 
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• Consider gathering evidence of student progress through small group and whole group
discussions.

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

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

Community Connections 

Have students ask their parents, guardians, or adult family members to share how budgetary 
considerations and tradeoff decisions impact work projects and/or home decisions. 

Suggested Teacher Resources 

Meeting the Needs of All Learners 
Extreme Biosuits Teacher 
Handbook, Appendix B 

Extreme Biosuits Student Handbook [Resource Link] 

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



