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Project Background
Many children around the globe are hospitalized for months or even years due to illness
and injury. While they are in the hospital, their experiences are very much removed from the
experiences that healthy children take for granted every day. EcosySTEM Arts is a nonprofit that
was founded by Brian Jernigan to help hospitalized children through empathy and engineering.
Mr. Jernigan worked for many years at a STEM summer camp for children. There he met many
kids who had very intense living situations and was impressed by the fact that they were even
showing up to the camp. After working with these kids and watching them become passionate
about STEM and Arts Mr. Jernigan wanted to find a way to get these same experiences to children
who were unable to attend the camps. Three years ago, Mr. Jernigan found that kids at Children’s
Hospital were not able to play with common toys due to the strict risk management standards and
sterilization procedures. He approached Children’s Hospital with his idea to make the kids a better
toy to use during their stay.
In order to design and fabricate the toy, Mr. Jernigan decided to collaborate with the CU
Boulder Senior Design Program. The first product, developed from 2016-2017, ended up being
too large and did not meet hospital standards. Based on these results, the EcosySTEM team
determined that it is best to keep the product simple and feasible.
During the 2017-2018 school year, the new design team utilized feedback from local
children to determine what kids were looking for in a STEAM toy. The result was that the kids
who had experiences with illness, either themselves or their family, bonded very heavily and came
up with the ideas that were the most impactful on the design process. From this, the idea of a
therapeutic design session was created.
This year the intention is to meet with kids from Boulder at the beginning of the process and have
them contribute as much as possible to the design from the initial idea phase to the final product.
The design process will include meeting with the kids many times in order to have many iterations
before choosing a product to manufacture and produce. It is important that the final product is one
of quality representative of a senior design level project. This year is an important step for
EcosySTEM Arts as a company. The final product will be impactful for the future of the nonprofit
and will outline the company’s path for helping sick kids around the world through creativity,
STEM and Arts.

Determining Customer Requirements
The goal of this project is to produce a toy that is informative and interesting to play with.
Because the targeted customers are Children’s Hospital patients, the end product must meet strict
specifications. Brian Jernigan, the CEO/Founder of EcosySTEM ARTS, has specified the
following project requirements:
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1. Sterilization - The product must be able to withstand an intense sterilization process. It is

expected to either be made from durable material that can withstand the sterilization
process or can be operated from inside a sterilization container.
2. Product Size - The product must be small and lightweight, so that it is easily transported

by children, but must not pose any choking hazards.
3. Safety - Flashing lights and loud noises are to be avoided in order to avoid triggering

reactive seizures. There shall be no sharp edges in order to prevent injury. All electronic
components and small objects must be contained and confined.
4. Product Functionality - The product must be able to stand and be operated on its own.

The product much also not require regular maintenance (at most a battery change). The
product must also not be composed of many pieces as they may be lost. The product must
be easy to use while confined to a bed.
5. Preliminary Ideas - All concepts must be open to criticism and revision based on ideas

and feedback from children throughout the design stage. Children will be consulted during
the preliminary design phase, the prototype testing phase, and the final design decision
phase.
6. Education - The product must be STEAM related and must inspire creativity and learning.

It must be easily understood and interesting for kids in the range of four to eight years
old. The product must also impact future engineering students by providing them with the
opportunity to build the toy themselves.
7. Product Prototype - Three prototypes shall be created and tested with children. The

prototypes do not have to be production ready, but the basic concept of the prototype must
be outstanding. The results of the tests will help determine the final product design.
8. Product Durability - The product must either be disposable or very robust. It must be able

to withstand exposure to small children while also meeting hospital requirements.
9. Budget - The budget must be within the $2000 allotted budget from CU Boulder unless

extra funding is raised.

Benchmarking the Competition
The market for STEAM toys for children has become quite large in recent years. Some of
the toy companies that make fun toys are Toys “R” Us, Fat Brain Toys and many more [1]. That
said, there are not many toys that currently are able to pass through the risk management
department of Children’s Hospital. Currently, the kids mostly play with cardboard and
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construction paper. In researching the competition as far as existing STEM toys, the team found
that many toys are readily available. Many toys marketed towards teaching children include many
parts so that the child can build and learn through creating and recreating. Some examples are
shown in Figure 1.

Figure 1. Many educational children’s toys focused on building and rebuilding.
Puzzles also serve as a large part of the current market as shown in Figure 2. These toys
include many separate pieces as well.
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Figure 2. Example of a puzzle educational toy for children [2].
The last category is made up of the toys directly marketed as engineering toys for kids as
shown in Figure 3 below.

Figure 3. Children’s toys focused specifically on engineering.
Although all these toys are geared towards education and STEM in general, none of them
meet even the most basic safety/sterilization requirements that the hospital puts forth. Another
theme seen in these toys is that they often make references to mainstream media and culture. This
is not a sustainable concept especially in this day and age where trends change very quickly. For
this project, a more sustainable design concept may involve no characters or original characters so
that the design will be able to span multiple generations.
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It is important to note that the parents of the hospitalized children are able to bring their
kids any toys. The main issue is that these toys cannot be left with the community because they
can be dangerous due to small parts, sharp edges, etc. Also, volunteers bring many toys to the
hospital, but they are never given to the kids because of risks associated with the products. Our
goal is to make a product that the kids can use while unsupervised in a communal space that
volunteers can purchase and donate to the hospital. Another important factor is that this product
will be sold by a nonprofit which means that instead of profiting off of sick children, the profits
will in turn help more kids around the globe.

Identifying Barriers
As with any engineering project, there are barriers we as a team must overcome to produce
a successful product.
•

How Children Learn

As engineering undergraduate students, no one from our team has experience in pedagogy.
We are not familiar with how children learn, how their brains develop over time, or how they learn
and store the information they are being taught. We must refer to teachers and child life specialists
to understand how our toy will affect the children who are using it. We want to enable them to
learn while in a hospital environment, and the correct implementation of education within our toy
is integral to the success of our project. To overcome this challenge, our team will work closely
with teachers and child life specialists who work with children on a daily basis to provide us
guidance when it comes to how toys can affect a child’s education and learning progress.
•

Existing Products

This toy will be a new creation, and with its introduction, we must ensure it does not
infringe on any existing patents. There are over one hundred fifty toy companies in the United
States alone, all with patents and intellectual property that we cannot infringe upon. While many
of these existing products are not for educational purposes and are not directed at children in
hospitals, we still need to be aware of the products that exist in the industry accordingly. For the
products that are directed toward the area we will be working in, we need to be especially careful
not to infringe on a company’s Intellectual Property (IP).
•

Time with Children

Unfortunately, we are not allowed bedside at Children’s Hospital due to our lack of
volunteer training. In order to interact with children and gain ideas for toys based on their
brainstorming, we will be making visits to local elementary schools to workshop ideas with
children. Even with these visits, our time interacting and brainstorming ideas with children will be
limited. We must use the most of our time with them to fully understand their wild ideas and their
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thought processes and how we can implement their ideas in our toy to further empower them.
Additionally, a major testing procedure will be ensuring our toy is “kid proof”. We will take our
toy prototypes and bring them to children to see how they like or dislike them, how they interact
with them, and how they might be able to break them. This process will also require efficient use
of time with children to ensure we are developing a product that is not only kid-friendly and
hospital-friendly but is durable enough for children to play with over long periods of time.
•

Hospital Regulations

The largest barrier that we must overcome will be the hospital rules and regulations for
toys that enter the premises. There are strict rules about lights, sounds, motion, vibration, size,
weight, durability, and sterilization that need to be followed during this project. We must comply
to the hospital’s set regulations to create a working and acceptable educational toy. The most
important of these is that the toy must be able to undergo sterilization procedures and must be
larger than a toilet paper roll to maintain safety and health standards for the children. More of these
standards can be found in the “Measurable Engineering Specifications” section.
•

Durability

We want our product to last. It must meet safety and hospital standards, while also meeting
engineering standards. We will need to decide if our toy will be made with durable materials, that
can last years of use, or if we want to make it from disposable materials that can be easily recycled.
A disposable toy would mean its materials would need to be cheap and easy to manufacture.
Durable materials would need to be cheap and strong enough to withstand use, sterilization, and
prototype testing. Both would need to fit our size and weight specifications and be an interesting
and effective educational toy. These requirements are not easy to combine and will be a task our
team must work hard to achieve.
•

Target Audience

Our target audience is of course children who are in the hospital and have experienced
trauma. However, the age range of children and their cognitive growth varies widely. Our target
age group will be from the ages of 4 years old to 8 years old. We need to consider the
developmental differences and learning differences within this selected age group. We will need
to find an educational topic that can reach kids within this age group without being too simple or
boring, or too complex or technical. This kind of balance can be hard to find, but it is a balance we
must achieve in our EcosySTEM STEAM Toy.
•

Manufacturability

Our goal for this project is to have a unique, but also easy to manufacture design. Our
design ultimately has the goal to be produced on an industrial scale and be widely distributed. If
manufacturing is very complex, this will not be a feasible outcome financially. As we move
forward with our design, we will need to consider how our design is to be reproduced, and also
investigate designs with cost-effective mass production. Our initial designs will be made in8

house at the University, but we will also look into outsourcing our refined prototypes to ensure
that they can be made readily in higher quantity. As we move from our prototypes, we will need
to find a balance between our creative ideas and design for manufacturing.

Measurable Engineering Specifications
Certain design specifications have been created based off of research on previous designs
and discussions with the client. These measurable specifications are meant to act as concrete goals
and standards from which the team can move forward with a design. These specifications will be
a structure around which the team can design an EcosySTEM ARTS toy. The constraints in the
table below will mainly deal with physical attributes such as size, weight, ease of use, and other
necessary design constraints.
Table 1. Requirements of the project. [3], [4]

Engineering Design Targets
To ensure an imposing product is produced on time by the end of the spring semester,
several engineering design targets have been outlined. The following design targets will serve to
guide and track the progress of the team throughout the design stage:
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Proposed Project Schedule

10

Team Member Roles
The roles outlined in this section have been assigned to utilize the skills of each team
member to streamline the design and manufacturing process. All team members will be expected
to help with every part of the project in order to create the final product.
Project Manager: Tyler Edens
•
•
•
•

Long term scheduling and deliverables
Motivation
Management of each project element
Organizing and conducting meetings

Logistics Manager: Eleanor Pearson
•
•
•
•
•
•

Organizing and sending meeting minutes to relevant parties
Documentation of all action items
Scheduling conference rooms
Organizing meetings off campus with kids in Boulder and Children’s Hospital
Primary contact for director and client interactions
Helping with all technical aspects of the project

Financial Manager: Fatin Nasser
•
•
•
•
•

Organization and management of team budget
Thorough documentation of all project purchases
External funding research and applications
Detailed cost analysis and research on all project purchases
Primary contact with Design Center Colorado Financial Coordinator

Manufacturing Engineer: Radhi Aziz
•
•
•

Thorough review of all CAD drawings and determination of manufacturability
Coordination of times at which the team can manufacture
Assignment of manufacturing tasks to each team member
11

•
•

Primary Contact with DC Colorado Machinist, Greg Potts
Determination of how to manufacture each component and how to assemble the final
product

CAD Engineer: Brent Frieden
•
•
•

Organization and documentation of all CAD parts, assemblies, and subsequent revisions
Assignment of components to be designed in CAD to each team member
Full review of all models, assemblies, and drawings ensuring they are complete,
manufacturable, and properly fitting

Systems and Test Engineer: Madison Emmett
•
•
•
•
•

Determination and management all project subsystems and subassemblies
Identify and manage system requirements
Lead prototype development, integration, and testing
Creation and management of test plan and procedures
Documentation of both research and testing phase with children
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