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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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Day 1: Welcome Letter 

Dear Student Scientists, 

Boeing needs your help! The world of science and engineering is growing fast and so 
are the places in the universe where we want to explore. Spacesuits have been 
created, but we want to go further. 

Our goal is to create biosuit models that can be worn in many different extreme 
environments that would allow scientists and engineers to do their work comfortably. 
We also want to market the biosuit models to potential customers. 

As a student scientist, your first task is to make a scale model of a biosuit. The model 
must be: 

• Structurally sound

• Able to complete the performance task

Your second task is to market your biosuit. You will present your biosuit to potential 
customers. The presentation should include: 

• Description of scientists and engineers who will be able to work while wearing
your biosuit

• Description of the environment for which your biosuit is designed

• Overview of your biosuit’s features

• Explanation of how your biosuit’s features enable scientists and engineers to
comfortably work in extreme conditions

• Demonstration of your biosuit in action

• Budget analysis that proves your model is economically feasible

• Final argument for your biosuit

You will be working in a team of 3 or 4 people and will be assigned an extreme 
environment that Boeing would like to focus on. 

Thank you for all your ideas, 

The Boeing Company 
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Day 1: Building Our Driving Question Board 
The Welcome Letter provides a brief introduction to the design problem, but you need to know more before 
beginning your design work. What else do you need to know? Develop a list of questions that you have about 
the biosuit design problem. As you write your questions, try to group them into categories based on common 
themes. Use the space below to draft your questions. 



Science and Innovation Extreme Biosuits Student Handbook 

Copyright ©2016 4 

Day 1: Examining Biosuit Models 
Read the information on pages 5–10 in this handbook. Then, complete the graphic organizer tables below. 

Spacesuits 

Protects against: 

Key features: 

Environments used in: 

History: 

Diving Suits 

Protects against: 

Key features: 

Environments used in: 

History: 

Hazmat Suits 

Protects against: 

Key features: 

Environments used in: 

History: 
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Spacesuits 

Why Spacesuits Were Invented 

To explore and work in space, humans must take their 
environment with them, because space has no 
atmospheric pressure or oxygen to sustain life. Inside the 
spacecraft, the atmosphere can be controlled so special 
clothing isn't needed, but when outside, humans need the 
protection of a spacesuit.  

Earth's atmosphere is 20 percent oxygen and 80 percent 
nitrogen from sea level to about 75 miles up, where space 
begins. At 18,000 feet, the atmosphere is half as dense as 
it is on the ground, and at altitudes above 40,000 feet, air is 
so thin and the amount of oxygen so small that pressure 
oxygen masks no longer do the job. Above the 63,000-foot 
threshold, humans must wear spacesuits that supply oxygen for breathing and that maintain a pressure 
around the body to keep body fluids in a liquid state. At this altitude, the total air pressure is no longer 
sufficient to keep body fluids from boiling. 

Spacesuits also shield astronauts from deadly hazards. Besides providing protection from bombardment by 
micrometeoroids, spacesuits insulate astronauts from space’s temperature extremes. Without the Earth's 
atmosphere to filter the sunlight, the side of the suit facing the Sun may be heated to a temperature as high 
as 250 degrees Fahrenheit; the other side, exposed to darkness of deep space, may get as cold as -250 
degrees Fahrenheit. 

Spacesuit Features 

The extravehicular mobility unit (EMU) in a spacesuit includes the spacesuit assembly, the primary life support 
system (PLSS), the display and control module, and several other crew items designed for spacewalks and 
emergency life support. The EMU accommodates a variety of interchangeable systems that interconnect 
easily and securely in single-handed operation for either normal or emergency use. When preparing to work in 
space, the astronaut goes into the airlock of the space shuttle orbiter and puts on the following parts of the 
EMU: 

• Liquid cooling and ventilation garment, a one-piece mesh suit made of spandex, zippered for front
entry, and weighing 6.5 pounds dry. The garment has water-cooling tubes running through it to keep
the wearer comfortable during active work periods.

• "Snoopy Cap," or communications carrier assembly, with headphones and microphones for two-way
communications and caution-and-warning tones

• Biomedical instrumentation subsystem
• In-suit drink bag containing 21 ounces of potable water.
• Urine-collection device that receives and stores urine for transfer later to the orbiter waste

management system.
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The Famous Apollo Spacesuits 

No one knows exactly what Columbus was wearing when 
he set foot in the New World, but on July 20, 1969, when 
Neil Armstrong took his “one giant leap” onto the Moon, he 
was clad in this custom-made spacesuit, model A7L, serial 
number 056. Its cost, estimated at the time as $100,000 
(more than $670,000 today), sounds high only if you think 
of it as couture. In reality, once helmet, gloves, and an 
oxygen-supplying backpack were added, it was a wearable 
spacecraft. Cocooned within 21 layers of synthetics, 
neoprene rubber, and metalized polyester films, Armstrong was protected from the airless Moon’s extremes 
of heat and cold (plus 240 Fahrenheit degrees in sunlight to -280 in shadow), deadly solar ultraviolet radiation, 
and even the potential hazard of micrometeorites hurtling through the void at 10 miles per second. 

The Apollo suits were blends of cutting-edge technology and Old World craftsmanship. Each suit was 
handmade by seamstresses who had to be extraordinarily precise; a stitching error as small as 1/32 inch 
could mean the difference between a space-worthy suit and a reject. While most of the suit’s materials 
existed long before the Moon program, one was invented specifically for the job. After a spacecraft fire killed 
three Apollo astronauts during a ground test in 1967, NASA dictated the suits had to withstand temperatures 
of over 1,000 degrees Fahrenheit. The solution was a state-of-the-art fabric called Beta cloth, made of Teflon-
coated glass microfibers, used for the suit’s outermost layer. 

For the suit’s creator, the International Latex Corporation in Dover, Delaware, the toughest challenge was to 
contain the pressure necessary to support life (about 3.75 pounds per square inch of pure oxygen), while 
maintaining enough flexibility to afford freedom of motion. A division of the company that manufactured 
Playtex bras and girdles, ILC had engineers who understood a thing or two about rubber garments. They 
invented a bellows-like joint called a convolute out of neoprene reinforced with nylon tricot that allowed an 
astronaut to bend at the shoulders, elbows, knees, hips, and ankles with relatively little effort. Steel aircraft 
cables were used throughout the suit to absorb tension forces and help maintain its shape under pressure. 

Citations 

Chaikin, Andrew. “Neil Armstrong’s Spacesuit Was Made by a Bra Manufacturer.” Smithsonian Institution. Last modified 
November 2013. http://www.smithsonianmag.com/history/neil-armstrongs-spacesuit-was-made-by-a-bra-
manufacturer-3652414/?no-ist  

NASA. “Space Educators’ Handbook: The Spacesuit.” National Aeronautics and Space Administration, Software 
Robotics and Simulation Division. Accessed June 9, 2016. http://er.jsc.nasa.gov/seh/suitnasa.html 

http://www.smithsonianmag.com/history/neil-armstrongs-spacesuit-was-made-by-a-bra-manufacturer-3652414/?no-ist
http://www.smithsonianmag.com/history/neil-armstrongs-spacesuit-was-made-by-a-bra-manufacturer-3652414/?no-ist
http://er.jsc.nasa.gov/seh/suitnasa.html
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Wetsuits 

Why Diving Suits Were Invented 

Long before we had spacesuits, we had diving suits, which are also called 
wetsuits. The ocean is the first hostile environment explored by people who 
were completely covered in protective gear. 

The history of the wetsuit is an interesting story of technology that was 
developed out of necessity. Those who venture underwater need the best 
equipment available starting with their second skin—a wetsuit. 

Contrary to what some may think, wetsuits do not work by keeping the diver 
dry; they are designed to let water into the suit. This thin layer of water is 
trapped between the diver and the suit, and warmed by body heat. That’s 
why it’s essential to have a nice, tight fit for a wetsuit. The thicker the 
neoprene, the warmer the suit will be for the diver. This thick neoprene 
material also protects commercial divers who work in environments that may 
contain sharp objects or even chemicals in the water. 

For protection from low temperatures and the prevention of hypothermia, 
underwater divers wear diving suits, which keep them warm by preserving 
their body heat. By way of example, an unclothed diver entering water cooled to 50 degrees Fahrenheit (10 
degrees Celsius) would only survive in such temperatures for approximately 3.5 hours. A diver wearing a 
diving suit would survive for approximately 24 hours in water of the same temperature. 

Types of Diving Suits 

There are two basic classifications of diving suits: 

• Helmet—A helmet suit completely encloses the diver and contains a breathing apparatus that fits over
the head.

• Scuba—Also known as a free-diving suit, a scuba suit is used in tandem with an independent
breathing apparatus strapped to the diver's back. Scuba is an acronym for Self-Contained Underwater
Breathing Apparatus. There are two types of scuba suits. The dry suit keeps the diver completely dry;
a diver can even wear clothes under a dry suit. The wet suit, on the other hand, holds a thin layer of
water between the body of the diver and the suit. This water is warmed by the body and serves as
insulation, along with the suit, against cold water.

History of Diving Suits 

The history of the diving suit began with an early 20th century invention in marine technology, the Mark V suit, 
which enabled divers to work at significant depths for the first time. It was developed for deep sea diving and 
salvage operations, and was used by the U.S. Navy from 1916 to 1984. The history of the diving suit began 
during World War II when Italian Frogmen started wearing diving suits made of rubber. The discovery of 
neoprene emerged from World War II military research on various rubbers and plastics. In the spring of 1951, 
Hugh Bradner began working to improve the equipment for U.S. Navy Frogmen, which led to the 
development of the first Neoprene wetsuit. One of the longest-standing arguments is still over who is credited 
with the creation of the wetsuit. While many sources credit Bradner, two other men, Bob Meistrell and Jack 
O’Neill, also claim to have invented it. In the 1950s, wetsuits had no inner lining and had to be coated with 
talcum powder; they were still delicate and easily torn. Eventually, wetsuits were lined with nylon to decrease 
the sticky texture of the neoprene, but the nylon also decreased the flexibility of the wetsuit. 
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In the 1970s, as companies seeking oil below the ocean floor desired to dig 
their wells even deeper, an old technology was resurrected for divers who 
repaired the wells. In the 1920s, an engineer named Joseph Peress designed an 
atmospheric diving suit (ADS), a massive-sized apparatus that allowed a diver 
to breathe air at normal atmospheric pressure. Peress had used his early ADS 
to seek shipwrecks in the 1930s and tried to market it to the Royal Navy, which 
had no use for it. Peress' early ADS was made from cast magnesium and 
Plexiglas, coated with waterproof sealant. A cushioned ball-and-socket joint 
system allowed the diver relative freedom of movement. An ADS can carry 
enough air to last 72 hours. Today, the ADS is made from welded aluminum or 
glass fiber. 

Citations 

Advameg, Inc. “Wetsuit.” How Products Are Made, Volume 4. Last modified 2016. 
http://www.madehow.com/Volume-4/Wet-Suit.html 

Divers Institute of Technology. “History of the Wetsuit.” Last modified February 21, 2013. 
https://www.diversinstitute.edu/history-of-the-wetsuit 

Miklos, Vincze. “The Strange and Wonderful History of Diving Suits, From 1715 to Today.” Gizmodo. Last modified 
September 6, 2013. http://io9.com/the-strange-and-wonderful-history-of-diving-suits-from-1262529336 

Naval History and Heritage Command, U.S. Navy. “The Skin They’re In: U.S. Navy Diving Suits.” Navy Undersea 
Museum. Accessed June 9, 2016. http://www.history.navy.mil/museums/keyport/SkinThey'reIn/skin4.htm 

The North East Diving Equipment Group. “Sharing the History, Respect, and Excitement of Historical Diving.” NEDEG 
Online. Accessed June 9, 2016. http://www.northeastdivingequipmentgroup.com/equipment/equipment.html 

http://www.madehow.com/Volume-4/Wet-Suit.html
https://www.diversinstitute.edu/history-of-the-wetsuit/
http://io9.com/the-strange-and-wonderful-history-of-diving-suits-from-1262529336
http://www.history.navy.mil/museums/keyport/SkinThey'reIn/skin4.htm
http://www.northeastdivingequipmentgroup.com/equipment/equipment.html
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Hazmat Suits 

Why Hazmat Suits Were Invented 

A hazmat suit is a garment typically covering the entire body 
and designed to protect the wearer from hazardous materials 
(hazmat). 

A person usually wears a hazmat suit as a preventative attempt 
to avoid contact with a dangerous materials present outside the 
suit, not to prevent other people from being exposed to the 
wearer. This type of garment is a common piece of equipment 
for emergency crews, researchers, firefighters, and other people 
working with materials that may harm humans. 

What Hazmat Suits Protect Against 

Our world has many hazardous materials. Therefore, we have many different hazmat suits designed to protect 
humans from many different materials. Toxins could be chemical, biological, or nuclear. Hazmat suits may 
also protect against extreme temperatures, such as fire. Some suits require steel-toed shoes, special fabrics, 
or self-contained breathing systems. These suits can be hot and difficult to wear, so usually, people are not 
required to use them for extended periods of time. 

One of the problems with protective gear, such as the hazmat suit, is that science may not recognize all the 
possible elements capable of causing harm to humans. For instance, the cone-shaped masks worn by 
doctors during the Bubonic Plague might be considered an early hazmat suit, but doctors did not accurately 
assess the way in which the disease spread, so the mask did nothing to prevent doctors from getting sick. 
Likewise, current hazmat suits may account for more accurate disease-causing factors, but there may still be 
methods of transmission and exposure not yet known to humans. The hazmat suit represents the best effort 
by modern science to protect humans from harm. 

Types of Hazmat Suits 

In the United States, the suits are classified into Levels A, B, C 
or D, depending on how much protection they provide. 

Level A ensures the highest level of protection against vapors, 
gases, mists, and particles. These suits incorporate full face 
self-contained breathing apparatus (SCBA) or positive pressure 
supplied air respirator with escape SCBA and a two-way radio, 
which is worn inside the suit. 

Level B incorporates a splash-protective, chemical-resistant 
splash suit with gloves and boots that provide Level A 
protection against liquids but is not airtight. This is used when a 
lower level of skin protection is needed. 

Level C uses the same garment but allows for other respiratory protection equipment to be used, such as air 
purifying respirators. This level is appropriate when decontaminating patients or victims. 

Level D suits do not protect against exposure to chemicals. Coveralls, chemical resistant footwear with steel 
toes, and a face shield are required for this level of protection. 
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History of Hazmat Suits 

The Bubonic Plague, also known as the Black Death, killed at 
least 75 million people on 3 continents. Described as the most 
lethal epidemic in history, the plague began in China in the 
1330s and made its way through Europe from 1346 to 1353. In 
those times, physicians did not know what was causing the 
disease to spread, but they did know it was highly contagious. 
To protect themselves while providing medical care, doctors 
invented a medieval version of a hazmat suit. 

Each piece of the suit—hat, bird-like mask, red glass eyes, 
black overcoat, leather breeches, and wooden cane—is thought 
to have had an important function to either keep the disease 
away or scare it away. What doctors did not know was that they were probably doing more harm than good—
spreading the plague even more by exposing more people to their plague-covered articles of clothing. 

Citations 

Farmington Daily Times. “Oil Spill Blackens Thailand’s Beaches.” USA Today Network. 

Saul, Heather. “Hazmat Suits: What Are They and How Do They Protect Medics Against Ebola?” Independent Digital 
News and Media. Last modified October 17, 2014. http://www.independent.co.uk/life-style/health-and-
families/ebola-outbreak-what-is-a-hazmat-suit-9802377.html 

WCTI Staff. “Hazmat, Fire Crews Contain Small Oil Spill in Jacksonville.” Revision 1.3. ABC Network, WCTI/WFXI/WYDO 
News. Last modified January 12, 2015. http://www.wcti12.com/news/hazmat-fire-crews-contain-small-oil-spill-in-
jacksonville/30653774 

wiseGEEK. “What Is a Hazmat Suit?” Conjecture Corporation. Accessed on June 9, 2016. 
http://www.wisegeek.com/what-is-a-hazmat-suit.htm 

http://www.independent.co.uk/life-style/health-and-families/ebola-outbreak-what-is-a-hazmat-suit-9802377.html
http://www.independent.co.uk/life-style/health-and-families/ebola-outbreak-what-is-a-hazmat-suit-9802377.html
http://www.wcti12.com/news/hazmat-fire-crews-contain-small-oil-spill-in-jacksonville/30653774
http://www.wcti12.com/news/hazmat-fire-crews-contain-small-oil-spill-in-jacksonville/30653774
http://www.wisegeek.com/what-is-a-hazmat-suit.htm
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Day 1: Biosuit Environments and Tasks 
Biosuit Environment/Task—Alaska 

Where: Alaska 

Who: Oil Pipeline Engineer 

Task: Deconstruct and reconstruct a damaged underwater pipeline. 

Biosuit parts needed: 

• Helmet that:

o Allows for underwater breathing
o Allows for vision in a murky environment
o Keeps the engineer warm

• Waterproof gloves that allow for enough movement to repair a damaged pipeline while keeping the
engineer warm

Task and Test Description 

Test consists of a large plastic bin of cold muddy (brown) water that contains a PVC pipe attached to another 
with a damaged PVC elbow. The student must take apart the two pipes and replace the damaged elbow with 
a new one while seeing and breathing underwater. In addition, the student must keep their hands and head 
dry and warm. 

Students do not submerge their entire heads, and they breathe using a snorkel, as if attached to an air tank. 

Biosuit Environment/Task—Antarctica 

Where: Antarctica 

Who: Glaciologist 

Task: Collect rock samples frozen in a large chunk of ice underwater. 

Biosuit parts needed:  

• Helmet that:

o Allows for underwater breathing
o Keeps the glaciologist warm

• Gloves to withstand the freezing temperatures of handling ice
• Tool(s) that can break through an ice block and extract rock samples

Task and Test Description 

Test consists of a large block of ice with many rocks frozen within it. The ice is submerged in clear water. 
Students must work with their hands, protected by gloves they have created and using tool(s) they have 
constructed, to retrieve the rocks from the ice while breathing underwater. In addition, students must keep 
their hands and heads dry and warm. 

Students do not submerge their entire heads, and they breathe using a snorkel, as if attached to an air tank. 
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Biosuit Environment/Task—Pacific Ocean 

Where: Pacific Ocean 

Who: Deep Sea Biologist 

Task: Collect specimen from the dark ocean floor to be researched in your lab. 

Biosuit parts needed:  

• Helmet that:

o Allows for underwater breathing
o Keeps the biologist warm

• Gloves to protect hands from sharp objects
• Tool(s) that can locate specimen in pitch black water and safely collect them

Task and Test Description 

Test consists of a large plastic bin with water dyed black that contains rocks, sand, and plastic fish at the 
bottom. Students construct a tool that can see underwater and collect a specimen while keeping it alive and 
returning it to the outside of the bin while breathing underwater. Students must protect their hands and head 
during the task. 

Students do not submerge their entire heads, and they breathe using a snorkel, as if attached to an air tank. 

Biosuit Environment/Task—Gulf of Mexico 

Where: Oil Spill Location in Gulf of Mexico 

Who: Hazardous Material Engineer 

Task: Remove oil from a body of water while also trying to save wildlife affected by the spill. 

Biosuit parts needed: 

• Helmet that:

o Allows for underwater breathing and above water breathing
o Keeps the technician warm

• Gloves that protect the hands from hazardous materials
• Tool(s) to collect oil and wildlife
• Oil dissolvent that can be used to clean wildlife

Task and Test Description 

Test consists of a bin of water that contains an “oil spill” (vegetable oil and food coloring) as well as small 
stuffed birds. Students must clean up as much oil as possible wearing their mask/helmet and gloves, using 
the tool(s) and clean up materials they created. 

Students do not submerge their entire heads, and they breathe using a snorkel, as if attached to an air tank. 

.
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Day 1: Defining the Problem and Identifying Solutions (Round 1) 

Environment 

Job Conditions (Where) 

Task 

Job to Get Done (What) 

Reason 

Society/Environment Need (Why) 

Challenges 

Human Body Constraints (How) 

Detailed notes on the assigned 
location 

Detailed notes on the assigned task Notes on why the task is necessary Notes on how the physics (heat loss) 
and physiologies (response to stimuli) 
present problems 
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Day 1: Team Roles 
All team members must contribute to all portions of the design project. Team roles designate a leader in a 
particular area. 

Design Team Leader 

As the Design Team Leader, your role is to ensure that your team successfully completes the Extreme 
Biosuits design challenge following the engineering design process. You are responsible for designing and 
testing the team’s final biosuit model. If necessary, this role can be combined with the Progress Monitoring 
Manager role. 

Progress Monitoring Manager 

As Progress Monitoring Manager, your job is to conduct the team check-in at the beginning of each workday 
and to ensure all team members are working within the given timeline. You also make sure your team 
completes the design challenge on time. If necessary, this role can be combined with the Design Team 
Leader role. 

Marketing and Research Team Leader 

As the Marketing and Research Team Leader, you are responsible for ensuring that your team has a 
presentation that describes the key features of your team’s biosuit model and presents the research you did 
along the way to create the final model. You also need to create a campaign that persuades Boeing to fund 
your biosuit design. 

Procurement Manager 

As Procurement Manager, you are the only team member who can buy materials from the Materials Center. 
You are responsible for knowing what resources are available. You must work closely with your Design Team 
Leader and Budget/Finance Manager to make sure materials are provided on time and your project stays 
within your budget. If necessary, this role can be combined with the Budget/Finance Manager role. 

Budget/Finance Manager 

As Budget/Finance Manager, you are responsible for managing the project’s budget. Your team must not 
exceed the budgetary constraints. You work with the Procurement Manager, and you are responsible for 
accurately keeping track of all of your team’s assets. You coordinate with the Marketing and Research Team 
Leader to present a final financial report in the campaign presentation. If necessary, this role can be 
combined with the Procurement Manager role. 
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Day 2: Researching Our Environment and Career 
Our Assigned Environment: _______________________________________________________________________ 

Our Assigned Career: _____________________________________________________________________________ 

To better outline the criteria and constraints for the biosuit design, you need to develop a more detailed 
understanding of the assigned environment and career. 

• Start by researching the assigned environment and career.
• Record a summary description of the environment and career in the chart.
• As you work, identify additional criteria and constraints to add to the Day 1: Defining the Problem

and Identifying Solutions (Round 1) chart on page 13.

Description of the Environment Description of the Career 

1. What is the average temperature of the water in our environment?

2. What is the average temperature of the air in our environment?

3. Why is this job necessary to society or the natural world?
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Day 2: Defining the Problem and Identifying Solutions (Round 2) 

Environment 

Job Conditions (Where) 

Task 

Job to Get Done (What) 

Reason 

Society/Environment Need (Why) 

Challenges 

Human Body Constraints (How) 

Detailed notes on the assigned 
location 

Detailed notes on the assigned task Notes on why the task is necessary Notes on how the physics (heat loss) 
and physiologies (response to stimuli) 
present problems 
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Day 2: Predicting the Response to Our Environment 

Imagine a scientist or engineer working in your environment WITHOUT wearing a biosuit (that is, they are 
wearing a regular swimsuit and are not wearing goggles or a mask). How do you think their body would 
respond to the environmental conditions? 

Think specifically about the following organs and body systems: 

• Heart—Does the heart rate increase, decrease, or stay the same?
• Lungs—Does the breathing rate increase, decrease, or stay the same?
• Blood Vessels—Does the blood pressure increase, decrease, or stay the same?
• Skin—Does the person shiver (or get goosebumps or frostbite), sweat, or stay the same?
• Eyes—Do the pupils (black spots in the eye) dilate (get bigger), constrict (get smaller), or stay the

same?
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Draft Model 

In the space below, create a first draft model of how you think the body would respond. Be sure to include 
the organs/organ systems listed on the previous page. In addition to showing WHAT you think would happen, 
be sure to show HOW and WHY you think the body will respond in a particular way. 
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Day 3: Testing the Response to Our Environment 
What happens if your scientist or engineer does not wear a biosuit in your assigned environment? Yesterday, 
you predicted your response to this question. Today, you are going to test it! In this test, you simulate the 
experience of diving into cold water by putting your face or hands into a bucket of cold water. You then 
measure your body response to “diving” into cold water. 

Our question is, What happens to our heart rate, breathing rate, blood vessels, skin, and eyes when we 
put our face or hands in cold water? 

Instructions 

1. Follow the directions below to take a baseline reading for all five variables. Record your measurements
in the data table on the next page.

a. Heart rate: If you have a heart rate monitor, use it to measure the number of beats over a 60
second period. If you do not have a monitor, take your pulse by placing two fingers in the soft area
just to the side of your neck or on your wrist just below your thumb. Count the number of beats
over a 60 second period.

b. Breathing rate: Breath normally and count how many breaths you take over a 60 second period.
c. Blood pressure: If you have a sphygmomanometer (a blood pressure cuff), use it to measure your

blood pressure. If you do not, you may skip this measurement.
d. Skin: Record observations of your skin, such as sweaty, covered in goosebumps, cold to the

touch, warm to the touch, and so forth.
e. Eyes: Hold a clear ruler up to the pupil (black part) of your eye. Measure the diameter of the pupil

in centimeters.

Image source: Rx Frames N Lenses www.rxframesnlenses.com/pupil-distance_pd.htm 

2. Place your face or hands in the cold water bucket for 1 minute.

3. Retake the same measurements and record them in the data table on the next page.

4. Repeat the steps for all team members.

http://www.rxframesnlenses.com/pupil-distance_pd.htm
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Data Table 

Record the results of the cold-water experiment for each team member’s heart rate, breathing rate, blood 
pressure (if possible), skin, and eyes. 

Heart Rate Breathing 
Rate 

Blood 
Pressure 

Skin Eyes 

Person 1 
Name: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Person 2 
Name: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Person 3 
Name: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Person 4 
Name: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 

Before: 

After: 
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Day 3: Revising Our Model 

Let’s revisit our model taking into account the human body responses to cold and wet environmental 
conditions. Imagine a scientist or engineer working in your environment WITHOUT wearing a biosuit. How do 
you think their body would respond to the environmental conditions? 

Think specifically about the following organs and body systems: 

• Heart—Does the heart rate increase, decrease, or stay the same?
• Lungs—Does the breathing rate increase, decrease, or stay the same?
• Blood Vessels—Does the blood pressure increase, decrease, or stay the same?
• Skin—Does the person shiver (or get goosebumps or frostbite), sweat, or stay the same?
• Eyes—Do the pupils (black spots in the eye) dilate (get bigger), constrict (get smaller), or stay the

same?

In the space below, create a REVISED model based on how you think the body would respond. Be sure to 
include the organs/organ systems listed above. In addition to showing WHAT you think would happen, be 
sure that you show HOW and WHY you think the body would respond in a particular way. In this model, be 
sure to use EVIDENCE from your investigation. 
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Day 3: Reflections 
What If Our Scientist or Engineer Does Not Wear a Biosuit? 

1. Describe what happened to your body when you put your face or hands in cold water.

2. Why do you think this happened?

3. Why could these changes be dangerous to your scientist or engineer?

4. What will you need to include in your biosuit to prevent these changes?
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Day 3: Defining the Problem and Identifying Solutions (Round 3) 

Environment 

Job Conditions (Where) 

Task 

Job to Get Done (What) 

Reason 

Society/Environment Need (Why) 

Challenges 

Human Body Constraints (How) 

Detailed notes on the assigned 
location 

Detailed notes on the assigned task Notes on why the task is necessary Notes on how the physics (heat loss) 
and physiologies (response to stimuli) 
present problems 
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Day 4: Biosuit Draft Sketch 
Sketch your biosuit ideas. 



Science and Innovation Extreme Biosuits Student Handbook 

Copyright ©2016 25 

Day 4: Budgeting 
Materials List 

Material Cost 

Rubber Gloves $2000 

Ski Gloves $2000 

Goggles $2000 

Snorkel $1000 

2 Liter Bottle $1000 

Plastic Tubing $1000 

Bucket $2000 

Gallon Milk Jug $2000 

Plastic Cup $1000 

Aluminum Pan $2000 

Cotton Balls $25 each 

Wire Hanger $500 

Screw Driver $1000 

Aluminum Foil $100 per foot 

Flashlight $1500 

Plastic Wrap $100 per foot 

Felt $100 per foot 

Newspaper $100 per sheet 

Tweezers $250 

Dish Soap $250 per 100 mL 

Duct Tape $250 per foot 

Masking Tape $250 per foot 

String $250 per foot 

Cardboard Box $500 per box 

Tool Rental 

Hot glue gun $200 a day 
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Day 4: Budgeting 
Draft Team Budget Sheet 

Item to Purchase 
Justification/Reason for Purchase 
(must be based on physical science and life 
science ideas, and the criteria for the job) 

Item 
Price Quantity 

Total 
Cost 

Total Spent of 
$25,000 Budget: 
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Day 4: Budgeting 
Actual Team Budget Sheet 

Item to Purchase 
Justification/Reason for Purchase 
(must be based on physical science and life 
science ideas, and the criteria for the job) 

Item 
Price Quantity 

Total 
Cost 

Total Spent of 
$25,000 Budget: 
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Day 6: Feedback Template 

Critical Feedback and Suggestions from Other Teams 

Team Reflection 

Adjustments and Action Plan 
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Redesign Sketches 

Sketch your redesign ideas. 
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Final Presentation 
In the final presentation, your group will “sell” your biosuit to your customer. Think of the presentation as a 
sales presentation supported by a demonstration. 

Your team’s Final Presentation must include: 

 Descriptions of scientists and engineers who will be able to work while wearing your biosuit.

 Descriptions of the environment for which your biosuit is designed.

 An overview of the features of your biosuit.

o Talk about your design and explain each feature.

o Explain how each feature would be represented if you had real materials.

 An explanation of how the features of your biosuit enable scientists and engineers to comfortably work
in extreme conditions.

 A demonstration of your biosuit in action.

 A budget analysis that proves your model is economically feasible.

 A final argument for your biosuit.

Your team’s Performance Task must: 

 Explain what your team mate is doing while he or she performs the task.

 Describe how the features your team created are helping to complete the task.
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Project Reflection and Design Optimization 
1. What design changes would you make to optimize your Biosuit?

2. What tradeoffs (design, materials selection, cost, team decisions, and so forth) do you feel most
impacted the success or failure of your design?

3. How is failure a vital part of the engineering design process?

4. If you had to do this project all over again, what would you change about it and why?




