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Component 1: Research

Element A: Identification and Justification of the Problem

Problem Statement:
Everyone around the globe who utilizes a straw and cares for the environment since plastic straws were popularized in the
1950s have been unable to use a good, affordable, single-use, biodegradable straw (Rude). Several environmentalists
agree that the five hundred million straws used in the US every day are polluting the environment greatly (AZA). There
needs to be better options for single-use biodegradable straws.

Becoming an Expert:

❏ Project Title: Straw+
❏ Pictures:

Figure 1 - Paper straw breaking down in a drink (QQ Studio).
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Figure 2 - Sea animals with plastic straws stuck down their throats (Taps).
❏ Personal Information:

❏ Santa Monica High School
❏ Ms. Snyder Period  2

❏ 5 Associations:
❏ Environmental

❏ Plastic Pollution Coalition
❏ Strawless Ocean

❏ Material Science
❏ Stanford Material Science and Engineering
❏ The Metals, Minerals, and Materials Society
❏ https://msea.berkeley.edu/

❏ Both
❏ Georgia Tech (environment/ material science)
❏ Tampere University Environmental and Material Science
❏ Materials science and environmental engineering | Tampere universities

❏ Experts:
❏ Environmental

❏ George Lenord (Leonard) -
❏ Chief Scientist of Ocean Conservatory.

❏ Material Science
❏ James Shakelford (Shackelford) -

❏ Distinguished Professor Emeritus of University of California, Davis.
❏ Nathan C Frey (Frey) -

❏ Physicist and Postdoc at MIT
❏ Co-founder of AtomicAI
❏ PhD in Materials Science & Engineering from UPenn.

❏ Both
❏ Xingsheng Duan (Duan) -

❏ Editor of the Book Material Science and Environmental Engineering.
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Conducting Market Research
Questions:

❏ What do you need to know to design and develop a solution to your chosen problem?
- We need knowledge of what materials don’t react with water and hold together well. We also need to find

materials that are nontoxic.
❏ What is the need or want in your problem statement that is causing a problem?

- People like using straws, they also like living on Earth. Plastic straws are a huge environmental issue.
❏ What customers will be interested or served by a solution to the problem?

- Customers that want to keep straws, but care about the environment.
❏ Is the assumed target market correct, smaller, larger?

- We have a large target market, it is anyone who drinks with a straw.
❏ Do products exist that already serve as a solution?

- Yes, but they all have their problems
❏ What competitors affect your solution options?

- Bamboo straws are difficult to improve on, paper straws are a dime a dozen.
❏ What solution characteristics and features are most important?

- Structural stability, low carbon/ecological footprint, doesn’t react with drink/doesn’t taste bad.
❏ How much would people pay for a solution?

- We want to whittle the price to as low as 10 cents to compete with other single-use straws.
❏ Is the problem definition adequate or is the problem broader or narrower than the original problem statement

indicates?
- Broader, it’s not just straws, it also includes straw alternatives.

Market research plan:
❏ Personal Observations - single-use straws lose their structural integrity pretty quickly. They also end up in places

they should not be like the ocean. Reusable straws tend to be expensive and slightly pretentious in nature.
❏ Informational Interviews -

MJ Anselmo - “single-use straws are a disgrace to the human race”, 12/6/21
Kaleb LeBlanc - “single-use plastic straws are harmful to the environment and dangerously impacting the future”,
12/6/21
William Kjenner-Love - “Straws pose a big threat to the future of human civilization… Everyone should use
metal straws!”, 12/6/21
Rio Wagabaza - “single-use straws are negatively impacting our environment”, 12/6/21

❏ Surveys:
- Survey 1
- Survey 2

Data from our first survey (market research):
Figure 3 - (Question 1), gives us an idea of straw usage on a weekly basis.
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Figure 4 - (Question 2), shows which existing solutions are already out there and being used.

Figure 5 - (Question 3), serves as additional justification to our problem. Evidently, people would like to see the problem
addressed.
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Figure 6 - (Question 4), furthers question three and from the data it is clear that a majority think that this is a significant
issue.

❏ Focus Groups - Anyone that uses single-use straws.

Element B: Documentation and Analysis of Prior Solution Attempts

Intro Paragraph:
Our team was able to find information on prior solutions using the Google search engine and Google

Patent Search, as well as our personal experience and our other survey-takers’ personal experience. From
prior solutions, we learned that alternatives are simple in concept, but difficult in practice. This is because the
materials used will often have tradeoffs. We noticed that most straws would either break down in your drink, or
needed a factory setting to break down. With all of this in mind, we learned that finding the one perfect solution
would involve a lot of research and testing.
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Justification:

The target market is large as hundreds of millions of people across the globe use straws daily. Many
corporations dole them out to customers as a cheap creature comfort. Our general idea is to make a straw that
is as close to price and style as the original plastic straw while being more environmentally friendly.

Patents of interest:
Figure 7: Table of patented similar solutions

Patent Image Link
(hyperlink)

Pros Cons Patent Info (Date and
number)

Biodegrada
ble
Drinking
Straw

Highly durable
as it is essentially
a bioplastic

Made of PLA,
so cannot
biodegrade
unless put
through
material process

Date: 12/14/2018
Number: CA-3027658A1

Japanese
Patent

Environmental,
reusable

It's made of
paper thus it has
an issue with
structural
integrity

Date: 06/14/2018
Number: JA-  3216663

Korean
Patent

Portable because
it can stretch,
Environmentally
friendly

Can stretch but
the paper
occasionally
leaks

Date: 07/10/2020
Number:KR-102165545
B1

Existing solutions:
Figure 8: Table of similar existing products

Solution
(with description

and image)

Source
(hyperlink)

Pros Cons Target Market
(Users and Buyers)
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Multicolored paper
drinking straws

Amazon Cheap,
environmental,
multi-colored

Paper straws
dissolve too quickly.
Poor structural
integrity as well.

Mainly service
companies, as well
as environmentally
conscious
individuals

Plant based
single-use straws.

Amazon Environmental,
reusable

Not durable enough
around the flexible
part. Some
defectivity in
manufacturing
products and
containers.
Inconclusive
research surrounding
their long term
health effects.

Mainly individual
consumers who use
straws often

8 inch reusable
bamboo straws

Amazon Environmental,
reusable

They are expensive,
they have a strange
aftertaste, and they
must be cleaned to
be reused.

Mainly individual
consumers who use
straws often.

“Plastic-less”
single-use PLA
straws

Amazon Biodegradable,
very similar in
design to classic
plastic straws.
They claim to be
structurally
sound and free of
any toxic
chemicals.

While they are
relatively cheap,
they are still more
costly than plastic
straws, especially if
purchased in large
quantities.

Appeals to
individuals who
want single-use
eco-friendly straws,
may not appeal to
businesses or bulk
buyers due to their
cost.

Plastic single-use
straws

Amazon Very Cheap.
Won’t dissolve in
your drink. Good
structural
integrity.

Not environmentally
friendly. May
contain nasty
chemicals that can
leach into your drink

The classic straw.
Appeals to straw
enthusiasts and
businesses.
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Lid with sipping hole

Business
Insider

Easier to recycle. May be less
convenient to some
than a straw. Uses
more material than a
straw.

People who want a
lidded drink that you
can sip.

Figure 9: Similar Solutions Matrix

- Matrix hyperlink

What we learned from the Matrix:
We learned that from a consumer perspective, plastic straws are quite enjoyable to use. Ideally we would be
able to create a new type of straw that is similar in use to the plastic straw but without the same dangerous and
anti-environmental elements of single-use plastic
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Element C: Presentation and Justification of Solution Requirements

Intro Paragraph:
After reviewing the information from the matrix (Figure 8) we were able to determine what the existing solutions
failed at and what design specifications they took advantage of. Using the data collected from our survey, as
well as our informal interviews, we were able to determine issues our target market had with existing solutions.
We determined that our straw design should minimize environmental impact, hold together in water, and cost a
competitive price. Straws are a very common product to use and anyone who uses single-use straws would
benefit from our product.

We determined our target consumers are individuals who use single-use straws, more so those that want to
help the environment and corporations/businesses that offer straws to their customers.

Design Specifications (Ranked Most to Least Important):
- The product must be able to retain structural integrity in any consumable liquid for at least 30 minutes.
- The straws must be manufactured in a sterile environment. They should also be cleaned after

manufacture to rid them of any byproducts.
- The product contains no toxic or potentially harmful substances. The material should have half a half

life of less than a year.
- The cost to the consumer for this product is under 10¢ per straw.
- The straw should be 8.5 inches long with a diameter large enough for a transfer of fluids to travel

through it with nothing more than the sucking power of the customer at a rate greater than 45mL a
second (Guinness World Records). This will likely be a 0.24 inch diameter based on existing solutions
(Steely Straws). Thickness of the outer layer depends on the structural durability of the material.

- Safety issues may involve improper materials and or production methods that can lead to sharp edges.
There is also a risk of the material being reactive to certain fluids so extensive testing and research is
needed to avoid any of these issues.

- As far as ergonomics go, it is important that the straw is comfortable in the mouth. This can be ensured
by making sure the outermost edges are smooth and not sharp and also that the surface finish is
smooth and not gritty.

- The shelf life should be as long as possible. Once it is exposed to organic compounds and solvents, it
should slowly start to dissolute/disintegrate.

- The aesthetics are a lower priority in our design process. People tend to prefer neutral colors and
shapes, multiple colors can be designed to appeal to all types of consumers. Ideally, the product is
smooth and easy on the mouth.

Survey Information:
- Questions

Survey 1 (Preliminary Design Criteria and Market Research): Survey 1
1. Roughly how many times a week do you use a straw?
2. Which of the following single-use straw alternatives have you used in the past (if any)?
3. What's wrong with existing alternatives, or what do they do right?
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4. According to a statistic from nps.gov, the US alone consumes around 500,000,000 plastic straws daily.
These straws are non biodegradable and eventually end up polluting the environment. Do you think that
plastic straws are a problem that should be addressed?

5. How big of a problem do you think it is?
6. Do you own a reusable straw?
7. If so, do you think it is effective?

- Survey 2 (Design Criteria): Survey 2
1. Have any of these issues affected your experience with plastic straw alternatives?
2. Please rank which factors are most important to you in a single-use straw.

- Preliminary results
* As of now we have 73 responses for survey one and 4 for survey two. (constantly being updated…)

Design Criteria Survey Results:
Figure 10 - (Question 1), this question was used to establish that other alternatives to plastic straws have issues.

Figure 11 - (Question 2), we included this segment to collect data on which design aspects people prioritize the most.
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- Survey analysis: These results tell us that people seem to agree that straw alternatives have their issues. The most
common one being the straw breaking down prematurely. This sentiment is supported by quotations from our first
survey; “I like that we can compost paper ones. Metal is bad when using it for hot drinks!!! Paper ones sometimes
get mushy if they're not used fast enough. I hate cleaning reusable straws. I just avoid using any straw and drink
without one”, and “Paper straws are unpleasant to use. The ones I have used start to dissolve as you use them”.
Our thinking also went in line with results from question 2. People generally prioritized eco friendliness and
durability while disregarding Aesthetics. We hope to collect more data to get a further understanding of our design
priorities.

Our overall take:
When considering both surveys and our design requirements we have realized that our biggest focus will be

designing an environmentally friendly solution that is also durable. People seem to care less about factors like appearance
of aftertaste. From the quotes we collected from our initial survey takers, many people fielded their complaints to the
reality that paper straws break down relatively quickly in liquids. The vast majority of our survey takers, (94.3%) have
had an experience with paper straws. Additionally, 98.6% of our 72 respondents attested that they believe that straws are
an environmental issue and 84.7% of these respondents believe a solution would be substantially beneficial. The most
promising existing solution is the bamboo single use straw. Although it does suffer from issues like breaking down in hot
drinks and leaving an aftertaste. These are issues we could try and tackle. All in all, we take these results as evidence that
people would use, appreciate, and benefit from a redesigned eco-friendly single-use straw.

Mentor Information:
- Contact info: Email: jfshackelford@ucdavis.edu | Phone: (530) 752-4030
- Email correspondence: Mentors
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Component 2: Design

- Element D: Design Concepts Generation, Analysis, and Selection

Brainstorming Potential Solutions: (Jason, Logan, Felix, Henry)
Figure 12 - Potential solutions

Initial Design Concept: (Jason)
Figure 12 - Potential solutions Figure 13 - Absorbability

Flexibility
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Initial Peer Feedback: (Logan, Henry)
Figure 14

-
Caption: The image above contains our proposed tests along with feedback from our classmates.

Figure 15
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Caption: This google form is a little more focused and asks specific questions in regards to the tests we are planning to
use for our design development. For instance, which of our tests seems least important/relevant.

Figure 16
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Caption: This is the second image relating to the feedback oriented google form. It shows a question asking for test
criteria aside from what we have been already considering.

Figure 17

Analysis: (Logan)
We noticed a couple interesting test proposals, such as testing the straw with a liquid that may have particulates in

it. Knowing that a straw can get clogged with larger particles, it is important the straw can withstand the pressure of a
person trying to suck these larger tight fitting particles through a straw. A supplemental consideration to our dissolvability
test someone suggested was making note of how the straw dissolves. Not just how long it takes as a case where the straw
dissolves and breaks into smaller pieces may prove hazardous. So it is important to ensure the straw dissolves evenly and
predictably. Someone also suggested testing in hot temperatures which definitely should be added in conjunction with our
dissolvability test. We are also now looking into pasta as an alternative material, per a suggestion. Of all the tests, people
tend to agree that the capillary test is the most irrelevant so we will also reconsider performing this experiment.

Revised Design Concept (version 2): (Jason, Felix)
- Time to dissolve in liquid

- Types
- Water
- Soda
- Milkshake
- Hot Coffee
- Tea
- Liquid with varying sizes of particles, ie a chunky smoothie.
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- Temperatures
- Iced (~40℉)
- Room temperature
- Hot (~120°F)

- Force it can withstand
- The chemicals it releases when dissolving in said liquids. We need to make sure there are no harmful chemicals or

potential interactions with what may be present in the drink.
- Absorbability (we ideally want a non porous material)
- Build time (we are considering a 3d printed design)
- Rapid biodegradability test
- Shelf life
- Cost (we are aiming for a cheaper alternative then existing solutions)
- Consumer aesthetics test (this test was added to ensure that people are satisfied with the appearance of the

product.)

Product Improvement and Design Documentation: (Felix, Henry, Logan)
● Function- There really is not much we can do to improve the function of this design. The straw is an

invention that has stood the test of time and is extremely simple in nature. We only seek to change the
material.

● Aesthetics- Our target audience is consumers, specifically those who care about the environment enough to
buy biodegradable straws as opposed to traditional plastic straws. But the market also includes businesses like
restaurants that are looking to improve their PR through use of these eco friendly straws. Therefore, the straws
should be offered in a variety of colors to suit a wide range of consumers. The colors should not jeopardize the
eco-friendly nature of the product however.

● Ergonomics- That is the intention, we hope our manufacturing method can result in a smooth textured straw
that contains no sharp edges.

● Safety- Yes. We are going to conduct thorough testing to ensure that our material is strong enough to
withstand normal abuse and not leach off undesirable chemicals.

● Cost- We have not finalized a material yet so we cannot say. Most straws seem to be made using an extrusion
process. The material is melted and pushed through a form submerged in water cooling and hardening as it
slides through. It can then be cut to length. This method of manufacturing seems to require human no input
and can be almost completely automated. Of course this process necessitates the use of large machines that are
expensive to purchase and operate. For our purposes we may want to utilize a biodegradable 3d printer
filament.

● Standardization- This does not require any extraneous components. The design should be simple enough to
not require any quality of life upgrades either.

● Quality Control- The process seems manageable, given the simplicity of our product. We want to ensure
there are no burrs or rough edges on the product so people do not cut themselves on the straw. If we use hemp
plastic it may end up having a rough finish with no avail.

● Ease of Maintenance- There should be no associated cost of maintenance with this product.
● Durability- We want this product to be able to withstand liquids for at least 30 minutes, preliminary research

seems to support this idea. We want the product to be biodegradable within a year. This aspiration is more
tricky. PLA plastic, an alternative, is fully recyclable and degradable but only in industrial composting
environments. The most promising alternative I have seen is a hemp bioplastic filament that is
semi-biodegradable. Not fully but it will eventually biodegrade.
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● Environment- This aspect is a top priority for our team as it is what will really define our product in its
difference from a typical straw. It is still in research as we are really trying to find the right material for
Straw+.

Prototype Design Documentation: (Jason)

**See Grading Rubric Here
Figure 12 - Potential solutions

- Water/Soda - time how long it will take for the straw to start breaking down in certain liquids. Breaking down is
defined as when it is no longer rigid enough to work as a straw, or develops a hole that makes it not usable as a
straw.

- Weight - place the straw on top of two blocks at the ends and observe how much weight it can hold until it touches
the table or breaks. Along with the weight, we want to ensure the structural integrity of the straw as it needs to be
able to withstand that induced vacuum from sucking on it. This can be an issue as the straw loses material in the
dissolving process.

- Taste - a more subjective test where we will taste the straw, and rate the amount of taste out of 10.
- Build time - time how long it takes to build the prototype straw (not the initial one, time once we get the process

down).
Figure 13 - Absorbability

- Absorbability - utilize capillary action to test how long it takes for
water to climb one inch up the straw

- Flexibility - test the maximum angle the straw can bend to without
snapping or attaining holes

- Cost - determine the cost of materials
- Consumer aesthetics test - survey 10 unbiased parties and ask

them to rate the straw’s aesthetics
- Biodegradability - look up the biodegradability of the material

3D Model and simulation results: (Logan)

Figure 17

20

https://docs.google.com/document/d/1mMc98gfq-rzhxqSTFJ8rzJrnBKMRCE4_E88aIS-rIas/edit?usp=sharing


Caption: This is a preliminary model of the straw, we may need to make modifications including narrowing or
thickening the walls or lengthening /shortening the straw.

Simulation Results: (Logan)

Figure 18

Caption: The simulation above models the interaction between velocity and pressure in the body of the straw using a
constant flow rate of 3750 mm3/s.
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Drawing: (Logan)Straw.pdf

Estimated Cost: (Logan)

- Material: One lb of Hemp bioplastic costs up to 70 cents. Our straws yield a weight of roughly 0.008lbs (1.81
grams). Meaning that one lb of hemp bioplastic can be expended into 125 straws assuming perfect manufacturing
conditions. That puts the material cost of one straw at roughly 0.56 cents. The cost to 3D print a prototype is
estimated to be at 0.20 cents. Accounting for the amount of plastic that will be used in the printing of the straw
and creation of support structures for the construction process. Pasta is another consideration but requires more
research as there are conflicts to consider like gluten allergies, so rice as a material is also being considered. These
straws, however at 28 cents a piece are significantly more expensive to produce and sell in large quantities.

- Manufacturing (prototype): Manufacturing a prototype is quite simple as the straw can be 3d printed with no
actual human input. The print time is estimated at 3 hours. Creating a product out of our intended material
requires more work and research into manufacturing methods. If we can’t 3d print a straw we may need a rod of
solid material that we can bore out to our desired dimensions to create the prototype. This method may take longer
as more attention and effort will be needed to create our product, probably closer to 4 or 5 hours.

Element E: Applications of STEM Principles and Practices (Henry)

Scientific and Engineering Principles to Investigate
● Research at least 5 engineering and scientific principles that support or explain your capstone project.  Explain

and cite each scientific principle and state how you will need to solve this problem in order to develop your
prototype. Make sure to include for each principle how each possible concept will affect the structure and function
of your prototype design.

Testability - Testability is an important element for our project, we are designing out straw so we can make it testable, and
inputs have an expected output in a variety of different conditions

Maintainability - We are purposely designing our product to have a long shelf life, being able to maintain itself nearly
indefinitely will prove critical in making

Validation of Investigation and Concepts: Mentor Feedback
● Have your mentor approve the scientific principles that you will need to investigate to build your prototype, and

add their feedback to your mentor feedback document, and to this section in the research document.

Equipment and Technology
● Explain the equipment and technology that is going to be needed to build your prototype.  This is NOT a

description of the physical materials needed to build your prototype but rather HOW you will build it and what
tools or programs will be needed.
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Element F: Consideration of Design Viability

Introduction:
Bamboo, rice, plastic

Market Analysis:

Products
Include picture and link

Manufacturer Price Consumer Price Pros & Cons

Competitor 1: Bamboo

Competitor 2: Rice

Competitor 3: Plastic

Our Product: ¯\_ (ツ)_/¯

Summary
Summarize the table above and explain what you can conclude from the above information.  Also included what demand
there will be for your product based on the information presented in the table.

Distribution
Describe how your product will be distributed.

Component 3: Prototype and Test

Element G: Construction of a Testable Prototype

Prototype Planning and Documentation

 Bill of Materials
a. The first step in materials acquisition is to specifically identify the needed item. You must be very

specific. For example, if you need an electric motor, you need to know beforehand the ratings of the
motor for your application. What does the motor move? With this information, you can select from
available motors. Looking at the list of all the parts of your design solution, brainstorm with your team
all the materials you will need to build it.

b. The next step is to determine whether the specific item is unique to your project (in which case it will
have to be fabricated) or it already exists. If it is unique, it will have to be made from raw materials
such as wood, plastic, or metal. You can make the part yourself, or you can have it made by a person or
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company that your research leads you to. If the part already exists, you may purchase it or try to get it
donated by the manufacturing company or by someone who has one. Obviously, donation is preferred
since your group has a limited budget. Using your interpersonal communication skills, you may
contact an engineer, sales representative, or supervisor from a company with the item you need. Keep
it local if possible. Refer to Activity 4.1.4 Professional Correspondence for tips on corresponding with
potential donors.

c. Now that you have listed the materials, research the standard sizes, quantities, and cost of the different
materials and determine what sizes you will use. Use a catalog or online resources. It may be necessary
for you to draw the parts to scale to more accurately determine the quantities needed. Put the
information into a table. Below is one example you may choose to follow.

 Materials:
- Food grade PLA Filament
- Water (varying temperatures)
- PCL plastic beads or filament with a specific ratio of starch (enhanced biodegradability, will be determined in

tests).

Materials: Purpose: Availability:

Food Grade PLA filament A potential material we will test. Y

PCL filament Another potential material for
consideration.

N

Hemp Filament Potential material for
consideration.

N

Various liquids (water, soda,
coffee, smoothies, etc.)

To use as a testing medium. Y

Corn starch / potato starch blend To mix with PCL and test blends. Y

Tools and Equipment List:

 Tools:

 - 3d Printer

 - Sandpaper (for getting rid of burrs and smoothing the ends.)
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 - Calipers (for quality assurance)

 - Chemical test strips (to ensure no hazardous chemicals are leached off during use)

 - Extruding assembly for manufacturing.

 
Tools: Purpose: Availability:

3D printer To print multiple rough prototypes for
testing purposes.

Y

Sanding Block (with fine grit sandpaper) To rid the prototypes of any burrs or
rough edges.

Y

Calipers Measure dimensions to observe how
much error occurs in our
manufacturing process.

Y

Chemical Test Strips (ph paper) To observe if any undesired chemical
changes occur when the straw
breaks down in the drink.

N

Silicone Mold For making a more refined prototype. N

Heating Receptacle (crucible and associated
heating device)

To melt down the various plastics for
the molding process.

Y

Furnace We may need this tool if our existing
heating devices cannot reach a high
enough temperature.

N

Blender For reducing the PCL beads to a
powder for mixing with the starch.

Y

 
a. Based on your bill of materials, determine all of the tools and equipment that will be necessary to

assemble the materials into your prototype. Consider hand tools, power tools, shop tools, and
specialized equipment that may not be readily available at your school.

b. Now that you have listed the tools and equipment that you will need, determine whether they are
available in your lab. If they are not, identify a source from which you can obtain the tool or
equipment and contact the source. Discuss arrangements for using the equipment. Refer to Activity
4.1.4 Professional Correspondence for tips on corresponding with potential donors. Document your
conversation and note the important information for each tool and equipment in a table. Below is one
example you may choose to follow.

 
Needed Knowledge

a. Consider the additional knowledge (math, science, and engineering concepts) needed to ensure that
your design will meet the specifications. In addition, consider the skills and knowledge needed to
correctly and safely assemble your parts using the appropriate tools. List the concept, skill, or
information that you will need.
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b. Determine whether the necessary knowledge is available from a member of your group. If not,
identify a source that can provide assistance with each item listed. Contact the source to ask for help
and arrange a transfer of knowledge. Refer to Activity 4.1.4 Professional Correspondence for tips on
corresponding with experts. Be sure to document your conversation. Below is a table that may be
helpful when recording your findings

Reflection
As you determine resource availability for your team’s project, reflect any changes to your design with notes in
your engineering notebook and revisions to your final drawings.

We have not made any changes to the physical design of the straw, however we have stumbled upon more new
materials that we intend to test as potential solutions when we begin prototyping.

Element H: Prototype Testing and Data Collection Plan

Test Criteria
In this project your team will determine the quantitative and qualitative testing criteria for your design solution.
Brainstorm as a team and complete the following steps. Document your work below:

 1. Revisit your design specifications and list the criteria/benchmarks that should be tested to ensure success of
your product.

 2. For each criterion that should be tested, determine specifically what you need to know. For example, when
testing a lamp shade, you will need to know whether the material of the shade can withstand the heat that the
lightbulb produces without burning or melting.

 3. In your media center or on the internet, look up the ASTM standards for testing of the materials used in your
design solution or devices that are similar to yours, if they exist. You may have to contact a testing facility in your
area if you do not have access to ASTM books. A manufacturing company or engineering firm that writes test
procedures may have the information you need.

 4. As a team, brainstorm the results of your research to determine the parts of your design solution that you will
be testing. Your goal is to formulate an appropriate list of test criteria and the method of testing that will
objectively measure the effectiveness of your design solution. Consider what type of testing will be
performed—qualitative or quantitative? If you have time, it is recommended that you do both. In the case of the
lamp shade, if you want to measure the temperature at which the material will burn or melt, you will collect
quantitative data, since the temperature is a numeric value. If you want to determine whether the material can
withstand a temperature of 350°F for 24 hours without visible signs of burning or combusting, you will collect
qualitative data, because the results will be recorded as pass or fail.

 5. To ensure successful performance of the design, determine the degree of accuracy that is needed in the data
collected during testing. In other words, how close must the measured data value be to the actual value  to be
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acceptable? In the case of the lamp shade, you may be able to accept a deviation of 5 degrees in the measured
temperature from the actual temperature at which the material burns or melts. In other words, you have
determined that the performance of your product will not be adversely affected if the temperature sensor reads
265 degrees (or 255 degrees) during testing, as long as the actual temperature is 260 degrees.

 
 Create a table similar to the one below to record testing criteria/benchmark information.

Criteria/Benchmark Description of
data needed

Quantitativ
e or
qualitative

Degree of
accuracy

Link
Source

The material of the shade must
be able to withstand a
temperature of 350°F without
burning or melting

Temperature at
which the lamp
shade material
burns or melts

Quantitative +/- 5°F

Test Procedure
Insert your testing procedure below.

Element I: Testing Data Collection and Analysis
Insert Pictures of your final prototype design solution and explain each component of the solution and describe how the
prototype solves the problem.  Summarize the testing procedures from above and include how you will know your
prototype is successful at solving the problem.

Test Prototype
Directions:   This can only be completed AFTER your prototype has been created.
Part 1:

1. Perform the testing procedures at least three times and collect data for each test during the testing procedures
that you created above.

a. Collect pictures, screenshots, and data throughout the test procedures.
b. Document your test administration , insert copies of your data, and reflect on the test results

2. Create a summary of the testing procedure and Submit the data tables and summary to your expert for their input.
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Evaluate Prototype
1. After receiving input from your experts/stakeholders, determine if your design solution was a success, failure, or

somewhere in between. Explain using EVIDENCE (pictures, testing results etc.)

2. Answer the following questions and EXPLAIN your “yes” or “no” answer
a. Do the results reflect a problem with the testing procedure?
b. Do the results reflect a problem with the testing criteria?
c. Do the results reflect a problem with the materials used for the prototype?
d. Do the results reflect a problem with the quality of the building process of the prototype?
e. Do the results reflect a problem with the design of the prototype?

3. Write a summary of proposed corrections, modifications to the following
a. Prototype Design
b. Testing Procedure
c. Data Collected

Prototype ReDesign
1. Implement your recommended changes and outline these changes below

a. design specifications, technical drawings, prototype build procedure, and/or test procedure) as necessary.
2. Retest your prototype using the instructions above in this document. Be sure to document the second round of

testing as required.

Element J: Documentation of External Evaluation
Feedback to Evaluate prototype

o Feedback from Stakeholders
▪ Create a survey to get feedback from at least 100 different people. In your survey include the

following
● show people your virtual prototype and explain its intended purpose and if possible

provide a demonstration of it working.
● Have stakeholders provide feedback about your prototype and how it could be improved.
● In this element include a link to your survey, and include a link to the survey in the

appendix.
● In this element, include at least 5 responses (quotes) from people surveyed that would

impact the design of your prototype in the future.
o Feedback from Mentor

▪ Get written feedback from your mentor and include this in this element.
● Evaluation of Feedback

o Analyze the Results of the Survey & Mentor feedback
▪ Looking back at the additional feedback from stakeholders and your mentor, write a one

paragraph analysis of the success of your prototype.  Make sure you reference your initial
problem statement, initial design and your testing results in your analysis.
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Element K:Reflection on the Design Process
● In one 2-3 paragraphs answer the following

o Describe what your team would plan to do next with all of the information that you gathered from the
previous element (evaluation of feedback)  Be specific and explain each detail.

o Do you think your prototype could be produced on a mass scale?  What changes would need to take
place?  How could this be implemented?

o Overall what do you think you (and your group) would need to do in order for your device to be
successful?
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Appendix
1. Patent Office- Use this link to discover patents that are related to prior solutions
2. Prototype Design Documentation Rubric- Use this rubric to evaluate your initial prototype design
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