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Executive Summary

In the modern world, engineering is the critical profession of the future. With
the increasing number of innovations in technology, engineers over a variety of
disciplines are in demand. The U.S. Economy is dependent on STEM (Science,
Technology, Engineering and Mathematics) workers, and because of this,
STEM professions guide the U.S. through evolution of technology in the
international aspect. Critical thinking, flexibility in mathematics and scientific
comprehension, and innovation is the education required in STEM fields. While
AP classes offer a chance to explore science or math in deeper ways, little exists
for the education of STEM fields. An exception to this would be PLTW classes,
for high school students to begin learning before college. However, when
considering the younger population, such as middle or even elementary school,
there are few programs offered which immerse them into the STEM fields.
Both members of this team came from middle schools which failed to enhance
their learning in the STEM fields. While science or math classes continued, the
application of these classes was not stressed. Through additional observation of
younger siblings and their friends, many kids who were once interested in a
STEM field lost their focus due to inadequate application of skills. The team
feels that with better applications and integrations of science and math, kids will
continue to be interested in the careers of the future.
Our focus is on middle schools students and teachers who would like students to
explore STEM fields in an applicable manner. Many colleges and high schools
offer STEM classes to apply previous learning, however very few middle
schools offer any form of project based skill enhancements. Ages six to thirteen
are some of the most important years in the development of a child's
brain. Before adolescence, major changes are happening within the brain that
make it the perfect time to develop the problem solving skills that STEM offers.
Through research, the team has found many middle school teachers have said
that it is difficult to introduce engineering in their classes. This is due to teacher
ignorance and inadequate resources for teachers to pursue, where the current
market has no accommodations for teachers to learn how to introduce STEM.

The team has also researched the price of individual kits from multiple
providers and found that many of them are too expensive for teachers to
purchase. The team's focus for the project is to create a multi-leveled, projectbased education system that can seamlessly integrate into any middle school
curriculum for a reasonable cost relative to the current market.
The overall goal for his project is to develop a multi-level, project-based
education system that can seamlessly integrate into any middle school
curriculum for a reasonable cost relative to the current market. This new
processes will be designed to educate students and teachers in multiple different
disciplines of engineering to prepare students for future in demand occupations
in a fun and exciting project based way. This report will take the reader through
the step by step process taken to develop the product as it applies to the group's
new engineering education system for middle school students. From the
justification of the problem to design viability and application of STEM to
prototyping and final analysis the team has designed a system to fit the needs of
not only the students but the teachers as well to integrate STEM into middle
schools.

II. Market Analysis
A. Necessity of the Product
Our team spent weeks attempting to research methods of STEM integration into
schools. However, most of our research yielded only packages or at most, weeklong courses or trials for students to sign up for. There were few methods of
integrating STEM into pre-existing school curriculums, and those that the team
found were both expensive and required time spent on the teacher’s end for
learning. With this in mind, we also began researching studies to assess student
proficiency in STEM.
Recent studies, such as the one performed by RTI International found that “the
high degree of STEM attrition is due to the fact that the students didn’t have a
sufficient STEM background when they entered college. Missing the
opportunity to build early momentum in STEM coursework, they say, may lead
students to abandon pursuing a STEM degree later on. If they don’t perform
well, they are more likely to switch to something else...The problem may,
indeed, lie at the elementary and high school level. The U.S. Department of
Education has found only 16% of American high school seniors are proficient in
mathematics and interested in a STEM career.” (Huffman 1). According to this
statement made by Huffman, the 16% of high school seniors interested and

proficient in STEM fields can be elevated by earlier integration into middle and
elementary schools.

Figure 1.1

Additionally, because the packages tend to be expensive, many children and
their parents do not have the extra money to spend on learning at home. In fact,
while “...50% of parents would like to see their child pursue a STEM career,
only 24% are extremely willing to spend extra money helping their children be
successful in their math and science classes.” (Microsoft 1). This is likely due to
the expense associated with the learning packages. Without the schools backing
the learning of STEM, when kids move on from elementary and middle school,
“Only 1 in 5 STEM college students feel that their K-12 education prepared
them extremely well for their college courses in STEM.” (Microsoft 1). (See
Figure 1.1)

B. Description and Estimation of Market Size
STEM occupations are projected to grow faster than the average for all
occupations. “Employment in occupations related to STEM—science,
technology, engineering, and mathematics—is projected to grow to more than 9
million between 2012 and 2022. That’s an increase of about 1 million jobs over
2012 employment levels.” (STEM 101) Based on this projection, there will be a
greater need for STEM professionals in future years. These professionals will be
the current children in schools, and there is limited supporting material available
to encourage academic interest in STEM fields. if children are exposed to
STEM fields early in their school careers, then there is a greater probability that

they will pursue STEM professions. “...overall STEM employment….[is
projected] to grow about 13 percent between 2012 and 2022. This is faster than
the 11-percent rate of growth projected for all occupations over the
decade…”(STEM 101).

III. Problem Identification
A. Problem Statement
Though STEM fields grow exponentially, there is a low rate of incoming
engineers for the wealth of the future. The team believes this is due to a lack of
experience and interest in grade schools, which has the capability to be
augmented. The problem lies in the integration of STEM into schools, where
there is no connection between learning.
The team believes that if schools connected the subjects, such as applying
english to a science report, and the calculations from the science report into the
mathematics classes, then children’s learning can grow at a stronger
rate. Currently there are some options on how to introduce STEM into school
curriculums. Possibilities of integration range from personalized and classroom
packages with all the materials and directions included to a simple instruction
packet. VEX Robotics has been able to develop specialized robot kits and
instructions that allow kids to build their very own robot that they can then
program using the VEX software.
The VEX IQ process has opened up new opportunities for schools and
other organizations to get a head start in STEM however these packages are
very expensive and do require some prior VEX knowledge. There are also some
other online packages that can be purchased online and shipped right to your
door. These packages lack the instruction needed to educate the teacher so that
they can properly guide the students and they are also expensive with prices
ranging from $50 - $500 for a single kit. The overall goal for his project is to
develop a multi-level, project-based education system that can seamlessly
integrate into any middle school curriculum for a reasonable cost relative to the
current market. This new processes will be designed to educate students and
teachers in multiple different disciplines of engineering to prepare students for
future in demand occupations in a fun and exciting project based way. This
report will take the reader through the step by step process taken to develop the
product as it applies to the group's new engineering education system ( Insert
name here) for middle school students. From the justification of the problem to
design viability and application of STEM to prototyping and final analysis the

team has designed a system to fit the needs of not only the students but the
teachers as well to integrate STEM into middle schools.
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Prior Solutions:
I. Competition Benchmarks
The team took (however many we can find) different engineering education
systems for middle schools to develop a competitor baseline. We assessed each
system on the following categories: affordability, knowledge required, level of
difficulty, amount of information provided, discipline it is focused on, and the
interest level.

II. Baseline
A. VEX IQ

B. Snap Circuits

C. Engineering Everywhere

D. Elenco





















VEX IQ
Pros:
Multiple packages at varying levels of difficulty
Takes the user through the design process
Incorporates programming and mechanical engineering
Interesting
Cons:
It is robotics specific
Does not educate the supervisors
Expensive
Not for children under 6th grade
Snap Circuits:
Pros:
Additional parts can be purchased to add on to the circuit
Gives designer the ability to create whatever they want
Endless unique designs
Easy to understand
Cheap
Cons:

























Only focuses on Electrical
For younger kids- not very challenging
Engineering Everywhere:
Pros:
Many different packages
Varying age groups included
Activities include instructions with lead in videos
Touch upon multiple disciplines of engineering
Interesting
Cons:
Expensive
Time consuming- most are around 8 hours
Complicated
Extra instruction is needed to be done by the teacher
Elenco:
Pros:
Cheap- most
Moderately difficult however some vary
Cons:
Different packages are not cohesive
The do not offer an instruction packet
They are mostly toys and not very instructional

Solution Product
Specifications
1a. The written directions provided with the solution, when used by an academic
instructor and implemented into a classroom environment will fully describe the
activity to prepare the teacher and guide the students to success with the given
challenge.
This is a disqualifying specification, meaning that an solutions that do not fit
this requirement will be discounted and no longer considered when deciding the
most probable designs. All of the disqualifying specifications will take the top
priority.
The solution must be able to give the teachers enough information to be able to
replicate the activity with middle school students without the support of expert
engineers. Teachers need to be able to answer any questions from their students,
and needed information must be provided before integration into the classroom.
1b. The directions provided must be clear and concise with proper follow up
questions to engage the students and reinforce learning.
This is a qualifying specification where the solution must include follow up
questions. The questions must also relate to the content that was explored in the
solution to further develop the students understanding of the principles. This
will help reinforce what they have learned and apply it in new ways that they
can relate to the real world.
2. The price of the solution will be able to compete with other STEM education
packages that are on the current market.
This is a qualifying specification, meaning that any solution that does not adhere
to this specification will still be counted however, it will affect its standing. All
qualifying specifications will not take priority.
The price of the final solution must be able to compete in the current market of
STEM education packages. This will increase the availability to consumers to
ensure that all target customers can afford the solution. Based on our charts, an
acceptable price range is from $0-$10. The product can be sold at a higher price,
but the ideal price range is $0-$10, making this a qualifying solution.

3. The solution will adhere to the education laws that have been established by
the state of New Hampshire.
This is a qualifying specification because if the solution does not follow all of
the rules and regulations that have been set up by the state then the solution
could not be purchased and implemented into the classroom. If the solution
conflicts with any of the rules and regulations that have been established by the
Department of Education in New Hampshire it is no longer viable.
The below document describes ideas on STEM integration and the ways it could
impact children and their future in these career paths. “Applied STEM learning
opportunities, including competitions, should be expanded and incorporated into
the curriculum.” Along with adhering to the below laws, students and teachers
should have an idea of where the laws came from and what rules were followed
in the process of this solution. All of the rules and or regulations that have been
specified in the document below must be adhered to in order to consider the
solution viable.
GOVERNOR’S TASK FORCE ON STEM EDUCATION K-12:
https://www.education.nh.gov/instruction/stem/documents/stem-12-10-2015inspiring-students.pdf
4. All of the technology necessary to implement the activities properly does exist.
This is a qualifying specification as all of the technology to implement the
solution must exist otherwise the solution will not succeed. It is necessary that
all of the tools needed are available to the students as well as the instructor
otherwise the solution will fail. The solution does rely on technology. That
technology will be exist and be easily available to the consumers in the
specified market.
5. The solution will engage students in the chosen activity allowing them to
develop an understanding of the application of STEM principles.
This is a qualifying statement, as the goal of the solution is to engage and keep
students interested in STEM fields. As shown in our problem statement,
“Robotics is a part of STEM that is not equally applied to elementary school
students, causing discrepancies in interest and understanding, which disengages
students from pursuing robotics and STEM in high school or as a possible
career.”, and we want to keep interest alive in young students. As explained in
the Governor’s Task Force package, “Age-appropriate STEM-Inspiration
sequencing could begin with thematic, problem- and project-based STEM topics
in early grades, then move to collaborative, team-based, district-wide STEM
competitions in middle school (using FIRST®1 as a base model program).

Finally, students in their junior or senior years of high school should be
encouraged to complete a capstone project requiring problem-based research
and presentation of results for peer and evaluator review. “ (Education 1)
engaging student in STEM activities will give them the chance to discover how
much STEM has to offer for them.
6. The solution will expose middle school students to the variety of positions in
STEM fields.
This is a qualifying specification as one of the intents of these activities is to
expose the students to other fields within STEM and engineering. This will
allow them to make decisions about possible interests in which they can then
pursue in high school. The knowledge of these fields may also open up new
opportunities and give them the chance to explore some fields that they did not
know or learn about in prior classes. This is identified in the problem statement
and will be upheld as an important qualifying specification.

Design Concepts
The first task we needed to complete was to come up with ideas for solutions.
We considered past science classes, our Introduction to Engineering and Design
class, and observations from “STEMspiration”, a freshman seminar which the
team helped out at, in order to create these ideas. We wrote out what we could
come up with for each scenario on our adviser's whiteboard, pictures can be
seen below. In choosing our solution, we wanted to keep it under a low budget,
and also have it be something both members of the team could understand and
had experience with, while also being simple enough for middle school students
to understand.
The below projects each have a decision matrix, which will allow us to compare
the benefits and flaws of each project. The solutions will be rated on a scale of
1-5, with 1 being the most ideal and 5 being the worst possible area.

For the Pasta Car idea, we modified a project completed in IED (Introduction to
Engineering and Design). The original project was to design a tower made out
of spaghetti, marshmallows, and masking tape. Our rendition of the idea would
involve a mechanical/civil focus, where the students would have a limited time
to build a car out of pasta, marshmallows (or another adhesive), and masking
tape. The advantages of this would include an easy and creative introduction,
which would provoke middle school students to use their imagination to
overcome a challenge. The challenge we were considering was a space
constraint, similar to the ones we have used in VEX. A second advantage would

be the shelf life off these products. Pasta, uncooked, can be used for up two
years after the sell by date, and marshmallows can be used for months after
purchase. A disadvantage would be the cost of the pasta, and the fact that
expense could go up with the number of students.
*The solutions will be rated on a scale of 1-5, with 1 being the most ideal and 5
being the worst possible area.

Our second idea was for conductive paint, which could be linked to robotic
elements. Originally, the team was considering buying already-made
conductive paint. However, we found a recipe (Fong 1) to make out own
conductive paint using charcoal, water, and glue. We want to test out the
recipe first, as this will keep the expense of materials down only to purchasing
glue. Additional materials we would need from our brainstorm would include
LEDs, Resistors, Brushes, and 9V batteries. Based on our surveys, there should
be $10 or less spent on 3 students. With this in mind, we calculated the
possible cost of all the materials for 5 students, and cam out at a total of
roughly $9 per 5 students. This option is within our range and would be an easy,

creative way for the students to be introduced to the possibilities of electrical
and robotics engineering.

The third possible solution the team designed was taken from a biological
perspective. One of the team’s favorite parts of biology class was the genetics
unit.The most vital component in genetics is the fact that all people share the
same base - Adenine, Guanine, Cytosine, and Thymine, but the order of these
bases each cause different outcomes. The team designed a project which will
follow a similar idea - except with programming. Students will be asked to
match fingerprints or DNA sequences in order to “unlock” sections of code. As
the students solve more of the genetics problems, they will unlock more and
more code, which will then be downloaded into a robot for demonstration. A
more cost-effective idea would be to use a free program apparatus such as
CoderZ, which has a visual representation of what a code would do to a
physical robot. Either way, after the demonstration and explanation of what
each slice of code does, the students could then be set free to experiment and
design their own robotic movements in the program. This would fit in with a

biology class, and covers not just biology, but also programming and (if a
physical robot is used) mechanical engineering.

The Straw Raft idea comes from the “STEMspiraton” event. Students will be
given a piece of foam, straws, masking tape, and will be asked to create a raft
that will be able to support the weight of pennies. This design will come with a
time constraint, and will require teamwork between students in a group
project. This project will also come with a limited number of materials, in order
to make the students think more about their possibilities.

The Egg Drop idea was inspired by former classes in middle school. This means
it will not only be simple to introduce, but also make it easier for teachers to
understand the changes, as they will have experience with the project prior to
the adjustments. This project would be most expensive, as the materials such
as the eggs have a limited life span and are also a one-time use. However, this
project would need students to work together in a group, teaching
collaboration and teamwork, another vital component of engineering. This
project would also be closest to a design process, where the students need to
come up with several ideas and test them out before the final drop. For older
classes, such as 8th grade, a time constraint could be used to make the
solution more challenging.

Defense of Design Choice:

The design we chose was Option 2, with the conductive paint. Keeping in mind
our problem statement, “Robotics is a part of STEM that is not equally applied
to elementary school students, causing discrepancies in interest and
understanding, which disengages students from pursuing robotics and STEM in
high school or as a possible career.”, the team will be able to connect this
project to robotics the easiest and in the most creative way for middle schoolers.
The students will not only begin to learn about LEDs and resistors, focusing on
electrical engineering, but will also be able to experiment with motors and
mechanical movements, if they desire. The conductive paint is easy to make and
provides a cost-effective solution to our problem. Using charcoal and water is
easy in any household, and glue can be bought for a dollar (dollar store).

Works Cited:
Fong, C. (n.d.). Paint your own circuits with DIY conductive ink. Retrieved
January 18, 2018, from http://www.makery.info/en/2017/02/06/peignez-voscircuits-a-lencre-conductrice-diy/

Application of STEM
Principles and Practices:
The calculations required for this project are simple electrical calculations, and
cost analyses. Ohm’s Law states “Georg Ohm found that, at a constant
temperature, the electrical current flowing through a fixed linear resistance is
directly proportional to the voltage applied across it, and also inversely
proportional to the resistance.” (Electronics 1). Also associated with a triangular
image, reinstating the formula: V=IR.

Ohm’s Law (Ohm’s Law and Power 1)
The team is planning to use a 9 volt battery that has 500 milliamps to test the
circuits. So if all of the voltage is transferred through the paint then 18 ohms of
resistance will be needed
This is a necessary formula as we will need to be able to calculate how much
resistance we will need once we measure the amount of voltage and amperage
going through the paint. This formula only works for circuits in series.
Another formula that will be needed is Kirchhoff's Voltage Law. This law states
that the sum of all the voltage drops in a circuit is equal to zero.
Ohm’s Law (Ohm’s Law and Power 1)
The team is planning to use a 9 volt battery that has 500 milliamps to test the
circuits. So if all of the voltage is transferred through the paint then 18 ohms of
resistance will be needed

This is a necessary formula as we will need to be able to calculate how much
resistance we will need once we measure the amount of voltage and amperage
going through the paint. This formula only works for circuits in series.
Another formula that will be needed is Kirchhoff's Voltage Law. This law states
that the sum of all the voltage drops in a circuit is equal to zero.
Along with Kirchhoff's Voltage Law we will also need knowledge of Kirchhoff's
Current Law. This law states that for a parallel path the total current entering a
circuit’s junction is exactly equal to the total current leaving the same junction.

The team will also need knowledge of conductive materials. Some research
was conducted and a list was found that displays many common metals and
their conductivity.

Because the team plans on using LED’s for the design, some basic knowledge of
how they work and the voltage requirements are needed. Thanks to the
amount of resistance which is included in the charcoal, the team has decided
to start with testing the lowest-voltage requirement - a red LED. The voltage
required for the red LED is 2.1V, as shown in the chart below (LEDs and Fiber
Optics 1). Depending on the amount of voltage that can travel through the
conductive paint, we may extend our use to other colored LEDs, however,
testing will need to be done in order to determine this first. A resistor may not
be needed, again depending on how much resistance is contained within the

charcoal itself. However, below there is a resistor chart, which will be used if
needed to add resistance to the circuits we will be creating.

Resistors are electronic components which have a specific, never-changing
electrical resistance. The resistor’s resistance limits the flow of electrons
through a circuit. They are passive components, meaning they only consume
power (and can’t generate it). Power is usually calculated by multiplying
voltage and current (P = IV). But, by applying Ohm’s law, we can also use the
resistance value in calculating power. If we know the current running through a
resistor, we can calculate the power as:
P = I2 * R
Or, if we know the voltage across a resistor, the power can be calculated as:
P = V2 / R
Finding the resistance of resistors in parallel isn’t quite so easy. The total
resistance of N resistors in parallel is the inverse of the sum of all inverse
resistances. This equation might make more sense than that last sentence:

N resistors in parallel. To find the total resistance, invert each resistance value,
add them up, and then invert that.
“(The inverse of resistance is actually called conductance, so put more
succinctly: the conductance of parallel resistors is the sum of each of their
conductances). As a special case of this equation: if you have just two resistors
in parallel, their total resistance can be calculated with this slightly-less-inverted
equation:” (Resistor Kit 1)

When creating a drawing or a schematic there are two common symbols that
are used to represent a resistor. Along with they symbol the resistor number as
well as its value are also displayed. They are shown below:

With the original test that we had performed we transferred just enough voltage
to light up a red LED so we did not need a resistor. We needed to find a way
that we could transfer more voltage through the paint. With the preliminary tests
that followed however, we used more of the settled material rather than the

liquid. This sediment proved to be much more conductive. We were able to
transfer about 6 volts through the paint. This amount of voltage was too high to
light the LED. After performing the test we concluded that a resistor was need
to limit the voltage to the range that allows the LED to light up.
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Consideration of Design
Viability
The team had done some prior research on conductive paints that were already
on the market to see some price points. What was found is that the current paints
that are on the market are very expensive and would not provide enough paint,
going off the projection of a roughly 25-student count in a classroom. This
meant that we would have to buy several tubes which was out of the question.
This was already over the benchmark of $10 that we concluded from our survey.
With this in mind some more research was conducted to find out how we could
make this paint on our own.
After deciding on Option 2, the team made their own version of the conductive
paint and tested the amount of voltage that could be transferred and if it was
enough to light up a red LED. The paint is made of mostly charcoal as is has
been known to have some conductive properties. The team had chosen to use
charcoal over metals because the cost is much lower. It is much more natural
and not harmful to the environment. We had also planned to give this to small
children to try out so safety is also a concern as this paint is non toxic. It also
includes glue as a binding agent to keep the sediment together. That is all that
was in the paint that we created. If it was not conductive enough the team
prepared some metal shavings as well that could be added if needed to increase
conductivity.
Our third completed test used two red LEDs and wires, seeing how much of the
paint was needed to actually transfer the current through the circuit. We
concluded that small drops of paint sufficed to conduct the current and carry the
voltage through to the LEDs. Materials we used in our test was a DMM (Digital
Multimeter), Red LEDs with a voltage requirement of 1.7 - 2.1V, a 9V battery,
and electrical tape.

The first test that we conducted we tried using as little of the paint as possible so
we could see if it had the ability of transferring any voltage. This is why we
started with pools of paint that we then jumped with wires.The tests proved to
work better than expected. We were able to transfer enough voltage through the
paint and circuit to get the LEDs to light up, and had enough extra voltage to try
using an LED with a higher voltage requirement.
With these tests in progress, the team is beginning to turn their attention to
integration into a classroom. Professionals in the education field are in the
middle of being contracted on how to create lessons and teach students materials.
After their feedback and information, more extensive plans will be drafted.

The next test that we performed is shown above. We decided to try a different
approach by creating the entire circuit out of paint. We concluded that because
we were able to transfer a lot more voltage than we expected through the circuit
the first time that we should a resistor. This circuit however did not work. The
LED never lit up. We then concluded that there was too little voltage to turn an
LED on thanks to the resistor addition.
Some safety concerns thus far include staining, which could be a problem with
younger children. One of the main benefits of our paint over the store bought
paint is that ours is non-toxic. This is very important as small children tend to
put things in their mouths which could end up being very dangerous. The
charcoal mixture is also very messy, and doesn’t spread well, so using paint
brushes could be complicated. Small spoons or forks may need to be used to
distribute the mixture in a cost-effective and safe manner. Another safety
concern is the fact that we are using batteries and simple circuits, and although
there is not enough amperage to seriously injure someone, it is a caution young
students need to be aware of. In the tests the team used masking tape, however

in real trials electrical tape will be used to ensure that all ends of the wires are
well insulated to prevent any shock hazards that may exist.

Our next tests will include simple motors, a VEX 393 motor to test whether or
not the paint is capable of transferring enough voltage through to run a motor
continuously. Since this project is meant to focus on robotics, the hope is that a
motor could be used for students to begin to learn about mechanical movements
and how they can be utilized. The end goal is to be able to run multiple robotic
operations off of the paint to create complex circuits that can perform tasks.
Other smaller tests will include more LEDs, resistors, and possibly sensors.
These tests when tested in the market will be for an older age group as they are
more in depth and require some skill as well as responsibility.

Prototype Construction:
In order to test the conductivity of the paint the team constructed basic circuits
using red LEDs and varying resistors. A digital multimeter was then used to
measure the amount of voltage (if any) that was traveling through the paint. If
the team was successful in lighting up an LED then the test was considered a
success. Not only were series circuits test but parallel circuits as well. This will
allow for a well-rounded experience and knowledge of basic circuits. Varying
color LED’s were also tested to ensure that they worked with the design as well.
This ensured that any color could be used with the specific design. The team has
found that this was the best way to test the conductivity of the paint and
determine its ability to transfer voltage.

In order to test the slime and whether or not it could be used for magnetic and
electrical components, the team first created a regular batch, without any of the

black iron oxide. We worked on creating a ratio of glue, water, and borax in
order to create the consistency we needed to achieve our goal. The final ratio
which we felt worked the best was 2.5 fl oz of glue to 100 mL of water to 1/2tsp
of borax. Below is the final product of this ratio.

Once the ratio was worked out, the team played with adding black iron oxide.
We found that about 15 g was ideal for both magnetic properties and electrical
conduction capability.

Prototype Testing and Data
Collection:
Introduction:
One way that the team has decided to integrate STEM in a fun and interactive
way is through conductive paint. The team has found a way to make a paint that
can conduct electricity. It is easy and inexpensive which is ideal for teachers as
they are often on a budget. The first prototype examples we tested were
designed to see whether or not homemade conductive paint would be able to
carry voltage through it. This activity will allow for the student to learn about
basic circuits, voltage, resistors, and amperage and their applications. The paint
can be used then to light up LEDs and create sounds from tone generators. This
will provide a fun and educational activity to introduce the students to circuits
and STEM. Fore more fun applications the paint can be put over a picture and
used with LEDs to make components light up.

Conductive Paint Materials:







Charcoal
Water
Elmer’s White School Glue
Blender
Digital Multimeter
Or...
Bare Conductive Paint Pen

Conductive Paint Procedure:
1. If Bare Conductive Pen is being used, skip to step 8.
2. Gather all materials to make your own conductive paint.
3. Using the DMM, measure the resistivity of the charcoal. Pieces under a value of
1000 ohms can be used.
4. Put the charcoal pieces in the blender. Blend until smooth.
5. Add water and glue. Blend until all ingredients are mixed.
6. Let mixture sit for approximately 24 hours. Excess water will rise to the top of
the mixture.
7. Drain off excess water. Mix paint.
8. Begin painting circuits!

Introduction - Slime
In addition to the conductive paint original idea, the team decided to also try
another route for STEM application, through a simple and cost effective manner
- slime. With few ingredients, and a multitude of ways to experiment, the slime
is ideal for kids to work with and begin to see electronic and magnetic
properties, particularly when Black Iron Oxide is added to the slime. Black Iron
Oxide is magnetic, and when the team began playing with magnetism, we also
discovered that the Black Iron Oxide carries enough of a current when attached
to a 9V battery to light up LEDs. The magnetic (and conductive) slime acts like
a wire, and has enough of its own resistance to not require additional resistors.
All kinds of LEDs, which the team had access to, worked when put into a
“slime circuit”. The LEDs have varying voltage requirements, from 1.8V to
2.5V, and our slime was able to carry voltage to run the circuit. For more fun
applications, we played with using glow in the dark slime, and glitter slime, for
younger children not yet ready for magnetism or electricity.

Slime Materials:















2.5 fl oz (78.125g) Glue
Elmer’s White School Glue or...
Elmer’s Glow in the Dark Glue or...
Elmer’s Glitter Glue
Magnets (Rare-earth magnets [Neodymium])
½ tsp Borax
100 mL of warm water
Bowl
Spoon
Cup
Graduated Cylinder (100mL)
Newspaper or protective covering for surface
Gloves if desired
15g Black Iron Oxide

Slime Procedure
1. Measure out 2.5 fl oz of glue, and measure out 100 mL of water into the
graduated cylinder.
2. In the bowl, mix the glue and 47 mL of water until combined.
3. In a cup, combine the borax and the rest of the water (53mL).
4. Slowly add the borax/water mixture to the glue mixture, mixing the entire time.
Stop adding borax/water mixture when the consistency is as desired (we stopped
when we could handle the slime without it sticking to our hands).
5. If slime is desired to be magnetic, add 15 grams of black iron oxide to the glue
mixture. Adhere to warnings given in MSDS sheet for Black Iron Oxide!
6. Wear protective gloves
7. The Black iron oxide will stain, so take proper precaution.
8. Respiratory protection if necessary
9. If slime becomes too thick when adding the iron oxide add water at 10 mL
increments until consistency is as desired.
10.
Record all measurements and ratios.

Testing and Analysis:
Introduction:
One way that the team has decided to integrate STEM in a fun and interactive
way is through conductive paint. The team has found a way to make a paint that
can conduct electricity. It is easy and inexpensive which is ideal for teachers as
they are often on a budget. The first prototype examples we tested were
designed to see whether or not homemade conductive paint would be able to
carry voltage through it. This activity will allow for the student to learn about
basic circuits, voltage, resistors, and amperage and their applications. The paint
can be used then to light up LEDs and create sounds from tone generators. This
will provide a fun and educational activity to introduce the students to circuits
and STEM. For more fun applications the paint can be put over a picture and
used with LEDs to make components light up.

Conductive Paint Materials:







Charcoal
Water
Elmer’s White School Glue
Blender
Digital Multimeter
OR…
Bare Conductive Paint Pen

Conductive Paint Procedure:
1. If Bare Conductive Pen is being used, skip to step 8.
2. Gather all materials to make your own conductive paint.
3. Using the DMM, measure the resistivity of the charcoal. Pieces under a value of
1000 ohms can be used.
4. Put the charcoal pieces in the blender. Blend until smooth.
5. Add water and glue. Blend until all ingredients are mixed.
6. Let mixture sit for approximately 24 hours. Excess water will rise to the top of
the mixture.
7. Drain off excess water. Mix paint.
8. Begin painting circuits!

Homemade Paint Testing Images:

Data Table: Homemade Conductive Paint

Results:
The conductive paint did not work as expected. It was to be able to transfer
enough voltage to be able to light up and LED. The paint did not transfer any
voltage from the battery to the LED. The only trial that was able to transfer any
voltage was trial two and that was because the pain was slightly wet which
indicates that the water in the paint was transferring the voltage and not the
paint itself. The team believes that the charcoal that was used has too high of a
resistance to transfer any voltage through it. Even without using a resistor and
the lowest value LED we were unsuccessful in transferring any voltage through
the system.

Questions:
1. The results do not reflect a problem with the testing procedure. We did yield
results that were expected but they were not what we wanted. The results
revealed a flaw in our design not the testing.
2. The results do not reflect a problem with the testing criteria because all the
information that was need to assess the viability of the solution was there we

just did not get the results that we needed to prove the design solved the
problem.
3. The results did indeed reflect a problem with the materials used in the prototype.
The paint that we created had too great of a resistance. It was so resistant that it
would not allow the electricity to flow through it. This was seen in the table
where there was no voltage across the resistor.
4. There was little building involved with our design. It is a simple circuit that both
members have created many different times before. It is not likely that the
quality of the design was the problem. There is very little design work that
happened with the testing because it was just a simple circuit trial.
5. No the multiple tests that were performed proved that the design of the building
was not a factor as many different tests were done each with different
applications of the paint. We tried using the settled material at the bottom, a
thick application as well as a thin application to rule out the possibility that the
design was the problem.

Bare Conductive Paint Pen (REVISION):
In order to move along in our design process and compare our results to a
marketed product, the team purchased Conductive paint. The Bare Conductive
Paint allowed us to create circuits and compare them to our own. Examples of
this can be seen below.

Results:
The LED was lit up with the first try when using the bare conductive paint. The
voltage needed to light then red LED was 1.9 -2.2v. The white had better
intensity with a requirement of 3.2-3.4v. Therefore it was determined that a
higher resistance may be needed for a greater intensity with the low voltage
colors. All colors however worked with a 220 ohm resistor and a 9v battery
power source. It satisfied all requirements from 1.8- 3.4 volts.

Conclusion:
There were no problems that the team detected with the testing criteria,
procedure, design, quality, or construction of the design. The results that have
been recorded prove that design with the bare conductive paint pen is a variable
solution that meets all of the criteria that has been established by the members
after evaluation of multiple criteria and extensive research.

Introduction - Slime:
In addition to the conductive paint original idea, the team decided to also try
another route for STEM application, through a simple and cost effective manner
- slime. With few ingredients, and a multitude of ways to experiment, the slime
is ideal for kids to work with and begin to see electronic and magnetic
properties, particularly when Black Iron Oxide is added to the slime. Black Iron
Oxide is magnetic, and when the team began playing with magnetism, we also
discovered that the Black Iron Oxide carries enough of a current when attached
to a 9V battery to light up LEDs. The magnetic (and conductive) slime acts like
a wire, and has enough of its own resistance to not require additional resistors.
All kinds of LEDs, which the team had access to, worked when put into a
“slime circuit”. The LEDs have varying voltage requirements, from 1.8V to
2.5V, and our slime was able to carry voltage to run the circuit. For more fun
applications, we played with using glow in the dark slime, and glitter slime, for
younger children not yet ready for magnetism or electricity.

Slime Materials:






2.5 fl oz (78.125g) Glue
Elmer’s White School Glue or...
Elmer’s Glow in the Dark Glue or...
Elmer’s Glitter Glue
Magnets (Rare-earth magnets [Neodymium])











½ tsp Borax
100 mL of warm water
Bowl
Spoon
Cup
Graduated Cylinder (100mL)
Newspaper or protective covering for surface
Gloves if desired
15g Black Iron Oxide

Slime Procedure:
1. Measure out 2.5 fl oz of glue, and measure out 100 mL of water into the
graduated cylinder.
2. In the bowl, mix the glue and 47 mL of water until combined.
3. In a cup, combine the borax and the rest of the water (53mL).
4. Slowly add the borax/water mixture to the glue mixture, mixing the entire time.
Stop adding borax/water mixture when the consistency is as desired (we stopped
when we could handle the slime without it sticking to our hands).
5. If slime is desired to be magnetic, add 15 grams of black iron oxide to the glue
mixture.
6. If slime is desired to be magnetic, add 15 grams of black iron oxide to the glue
mixture. Adhere to warnings given in MSDS sheet for Black Iron Oxide!
1. Wear protective gloves.
2. The Black iron oxide will stain, so take proper precaution.
3. Respiratory protection if necessary
7. If slime becomes too thick when adding the iron oxide add water at 10 mL
increments until consistency is as desired.
8. Record all measurements and ratios.

Results:
After conducting multiple tests the team has found that the proper ratio of
black iron oxide to glue in grams is a 15:78. This ratio had the best
magnetism without altering the texture of the slime to the point it was no
longer a non-Newtonian fluid. This ratio that has been tested is up to the
teams standards for texture and magnetism.

Conclusion:
Through testing the team has found that magnetic slime is a fun, easy and
cost effective way that students can learn about electricity and magnetism.
Most importantly it has been found that the process is very versatile and
fun as well. There are any different applications and variations that make
the slime so versatile. With the ratio of black iron oxide that the team has
found there is a great level of magnetism that allows the students to see
the full effects of magnetism and experience it first-hand. It was also
found that the slime can also conduct electricity so it works just as a wire
to transfer voltage through a system. It can then also be used to help
educate about circuits as well. Its dual purpose and versatility make it a
great option to introduce into the middle schools.

External Evaluation:
Introduction:
In order to test the efficiency of our design, we decided to have a 7th grader try
out our Workit Circuits project. K, S’s younger sister, was excited to try out the
project, so she volunteered to try out our design.

We started by presenting her with both the slime and the paint, and letting her
choose which one to try first. She selected the magnetic slime. When asked
what she knew about magnetism, she could only say that it was an attractive
or repulsive pull on something. She proceeded to play with it and the magnets,
manipulating the slime into various shapes.

After she’d played with it for a little while, we proceeded to ask her what she
knew about magnetism. Aside from telling us that there was an attractive and
repulsive force between two different ends of a magnet, there was little she
could say about why it occurs. Since this is a more abstract idea for middle
school, (the team didn’t cover magnetism in more depth until senior year in
Physics) we decided to leave the explanation at positive/negative ends and what
causes an attractive and repulsive force.
Next, we decided to introduce the idea of electric current in the slime. K was
asked to create “wires”. We showed her the setup of an LED and how the two
legs are different lengths (shorter = anode (negative), longer = cathode
(positive)). She was given a simple diagram of a series circuit, and was asked to
copy the circuit. She only required a check on the direction of the LEDs, but
was enthusiastic about creating the circuit on her own, and seeing it work. She
was then challenged to create a parallel circuit. When prompted, she noticed that
the “lights were brighter on the parallel than they were in the series”. We asked
her why she thought that was, and she explained that “the power can get through
either way, so they shine brighter”. This was considered accurate, but we
explained how the voltage travels through all three paths. We used an analogy
of cars and traveling on a highway to help her understanding of why a parallel
circuit works differently, and she carried these ideas into the conductive paint.

The last step we had K complete was with the electric paint as a reinforcement.
We asked her the same series of questions about the parallel, series, and LED
directions, and she was able to reiterate everything that she had been told about

the series and parallel circuits without help, and was able to complete the paint
circuits on her own.
K was asked to respond to a quick series of questions in order to get her
feedback. Despite being at home instead of school, she responded well to the
new information and loved working on the circuits. Images of her responses to
the questions can be found below. One of her prominent quotes was the fact that
she “liked the way they (J and S) presented the circuits through something
which people are bound to find more interesting...my class would like it because
it has the student/participant doing almost everything.” A month later, she was
asked the same questions, and was able to remember all the information she had
been taught about series and parallel circuits, and what causes LEDs to light up
brighter in which circuit. We concluded that the activity was indeed able to
create more of an insight and impact on students, and help them see STEM in a
new light, as well as better retaining information.
With K’s test completed, the team met with Mrs. G to have her evaluate the
package that we created - Workit Circuits. We included our procedure for
making paint, slime, and background for the students to be given. Our
inspiration was based on PLTW activities, along with our own interpretations of
information for a middle-school application. We brought along the Workit
Circuits, and demonstrated exactly what was shown to K, and Mrs. G was
excited about the results she saw. She suggested that it might be better (for STA)
to use in 4th grade, but agreed that it was a better method of STEM introduction
for the school, since it was small and had little outside funding. Being able to
make the slime or the paint themselves was affordable, whereas outside
packages were not due to cost. Mrs. G was given a copy of the Workit Circuits
package and continued to review it.

Project Reflection
Defining the Problem:
The team had to conduct a multitude of research to justify that the lack of
STEM in middle schools was an actual problem. Research was conducted in
multiple areas to determine the actual problems. The team needed to know why
there are very little applications of STEM in middle schools. Quantitative data
was also needed to support our project and be the reasoning behind it. This
research is presented in element A and clearly demonstrates that there is a need
for STEM at the middle school level and also that current STEM education
packages are far too expensive for teachers to purchase.

Reflection:
From this information and all of the materials presented in element A, the
problem statement was formed: Robotics and STEM is not equally applied to
elementary school students, causing discrepancies in interest and understanding,
which disengages students from pursuing robotics and STEM in high school or
as a possible career. This problem statement needed the support of research to
prove that it was a problem in the minds of more than just the team. It was
necessary to gather all of the data that was needed to justify the problem
statement. This research also helped narrow down the problem areas such as the
cost and the depth of knowledge required. The research was essential to the
team in finding the real problems and creating a solution. Therefore the research
was no only used to justify and support the problem statement to prove its
validity but also a tool that could be used to refine the brainstorming ideas and
develop constraints.

Technical Research:
The technical research involved learning about circuits, electricity, magnetism,
and other engineering specific topics. This was all essential as it is a main
component of the design. It was also necessary that the team research exactly
where the problems were. This was accomplished by creating a survey that
would ask specific questions about the subject to help identify all problem areas.

Reflection:
In order to get a current and accurate baseline of the problems that real everyday
teachers were facing the team created and distributed a survey that analyzed
criteria in the cost of STEM education packages, the relative cost per student, as
well as the current level of STEM integration in middle schools. The team was
able to collect conclusive data on the entire subject by distributing the surveys
to local middle schools for the teachers to fill out. It was then concluded that a
price of under $10 for a kit that supplied 3 students was ideal and that there
currently is no official STEM education in the middle schools that were
surveyed. It also addressed another touchy subject, the gender gap. The survey
shared some statistics about women in STEM and the responses showed that
even middle school teachers were not aware of the severity of the gender gap.
Through additional research it was concluded that the best time to introduce
STEM to break the gender gap is indeed in middle schools. This is due to the
time at which the brain develops. This also helped justify our problem and the
questions that were provided on our survey and allowed us to more clearly
identify the problems.

Product Specifications:
The product specifications were developed based on the research that was
conducted to determine all of the necessities of the project. The product
specifications state the wants and the needs that the solution must abide to. This
was used as a guideline to help guide the group to a solution that had all of the
requirements needed to solve all of the problems that the group had identified. It
was important that the team meet all of the design constraint to ensure a viable
solution.

Reflection:
The product solutions did not need much attention as long as they were being
abided to. The team had used the research to guide their product specifications
to ensure that the solution would solve all of the problems that were identified
by the research. All of the teams’ product specifications are listed in element C.
They include details regarding the written instructions that are to be provided as
well as the price and all of the education laws of the state of New Hampshire. It
also includes that the solution must be of interest of the target age group to gain
their interest in STEM subjects.

Design Concept Generation and Selection:
In the beginning of the brainstorming there were many ideas that had been
tossed around. There were many ideas that were analyzed using decision
matrices to determine the best ones. Some of the ideas that were talked about
were a coding, pasta car, as well as a conductive paint. We chose the conductive
paint initially because it was cheapest and had the easiest connection to STEM
Principles. This transformed into the magnetic and conductive slime in order to
give kids a chance to keep coming back and playing with what they created. The
slime has a longer life than the paint, which makes it ideal for kids to continue
to play, and thus reinforce their learning.

Reflection:
The original idea of the conductive paint was a good solution that was fully
explored with the team first making their own material which ended up being
unsuccessful to then moving on to a different conductive paint that proved to
work. Then the team came up with a conductive slime. This idea was chosen
due to that fact that it was a lot more interactive and a lot more fun for kids to
play with. It was also very cost effective and had an element of mystery because
of the fact that it is a non-newtonian fluid but it is magnetic and conductive. It
had shown to be a lot more fun and creative for the kids and that is why this
design was chosen.

External Feedback:
In order to obtain feedback from someone outside of the project the team sought
after two different kinds of people. The team needed the project to be evaluated
by not only a student but also a teacher. It was essential that the team see what a
middle schooler thinks and how they react to the project as well as their
thoughts and ideas. This would ensure that the project interests the target market.
It was also a necessary that the team asks a teacher what they thought about the
activity as they would be the ones to administer the information to the children
and they would have to teach it.

Reflection:
To test how a middle schooler would do with the project and what they would
think the team went to siblings. Member S went to her sister K who is in the 7th
grade. She was given the activity and with the guidance of her sister was able to
complete the activity. After completion she was asked what she thought of the
activity and she said “I like the way that it was done in a way that makes it more
interesting.” She enjoyed the activity which was huge for the team. The next
task was to go to a teacher to have them look it over. For this task the team
looked at former middle school teachers. Stasia Sturdivant got into contact with
her old teacher Mrs. G who we met with to go over the idea. She thought that it
was great idea and that she thought the middle schoolers would love it. This
confirmed that we had indeed solved the problem and it should work well in a
classroom environment.

Prototyping and Testing:
In order to ensure that the proposed solution would work a prototype had to be
created and tested. To test the homemade conductive paint the team made small
series circuits using the paint and connected a 9V battery and varying colors of
LED’s to test the paints conductivity. Many different trials of the paint were
performed with varying batches, some with metal shavings and others with
shavings on top of the paint however everything that was tried had failed
leaving the team to use the Bare Conductive paint pen. With the magnetics
slime it was necessary to find a ratio of materials. It also needed to be
conductive and magnetic which is where the black iron oxide came but a ratio
was needed for that as well so by testing that was able to be determined.

Reflection:
Finding the ratios for the conductive slime was necessary for the recreation of
the activity as well as getting an acceptable amount of magnetism with
conductivity without compromising the texture of the slime. This was necessary
for the development of the project. The slime was tested by creating small series
circuits with LED’s and a 9V battery to ensure that it could carry a current. It
was also tested using a rare earth magnet which confirmed that it indeed
magnetic and conductive. This discovery confirmed that the solution was indeed
viable and became the foundation of the project.

Presentation of Designer's
Recommendations:
After our final presentation of the Workit Circuits project, the team was inspired
by C- J to apply their magnetic and conductive slime in another manner electrical circuit’s connections. More specifically, within wire nuts to improve
conductivity. This is the current future of our product; however, our initial goal
of expanding the packages to incorporate more STEM disciplines would also be
a longer-term goal. This idea has been taken further with the package being
taken by the head of the CTE department at Pinkerton Academy. This could
open up lots of different opportunities.
It has also been brought to our attention that the head of education for the state
would also like to take a look at the curriculum that we have created. After the
presentation the team has been presented with many different opportunities.
This includes applications which work towards the original design and some
new ideas as well.
As stated in our documentation, the goal was to bring STEM to middle schools.
In order to accomplish this, new activities to cover other aspects of engineering
needs to be created. Some of our old brainstorms, such as the pasta car or even
the fingerprint coding could serve as connections once worked on in greater
depth. Even though the product has done well and it has many different
directions that it can go there are still some improvements that need to be made.
As far as the current future of our product, some of these improvements include
perfecting the viscosity as well as testing with different composite materials to
see if we can improve the conductivity and level of magnetism. This improved
conductivity would allow more power to pass through it which could be helpful
when building the circuits as well as in the application of the wire nuts.
In order to implement project innovation, new designs would have to be tested
for cost, ease, and applicability. Revisiting our initial brainstorms can provide a
source for new designs that encompass different disciplines of engineering. This
will give a well-rounded curriculum that will provide student with the skills that
they need to be successful in high school and beyond. Upon the completion of
another STEM connection, the curriculum package would be expanded to
incorporate the other aspect, and reinforce the STEM disciplines to middle
school students. The incorporation of all new STEM ideas into a classroom

would rely on the curriculum the schools follow, in order to create the best
possible environment for STEM inspiration. For example to connect biology
and robotics to the classroom, one of our initial brainstorms which also showed
promise was entitled “Fingerprint Coding”, and would establish a connection
between the flow of a program and the set way in which the genetic makeup of
people is formed. Using certain bases (Adenine, Guanine, etc) and giving them
a specific pairing to a segment of code could provide students with a basic
exposure to robotics, another aspect of STEM. This idea, among others, would
need to be integrated into a specific time frame of the school - when biology is
taught. In St. Thomas, the middle school which was used to test the design,
teaches biology in 7th grade, so in order to connect the two, an idea like
Fingerprint Coding would need to be provided in the 7th grade unit of biology.
All tests will have to undergo more extensive testing, depending on the area of
connection, but have the capability to provide an enriching and inspiring
exposure to STEM.
To further our current product improvement, covering the wire nuts idea, the
testing needed is more concrete than other ideas which remain at the brainstorm
level. In order to implement the idea of using the slime in the wire nuts there
would have to be extensive test done that cover the areas of viscosity,
temperature, materials, conductivity, magnetism, water solubility/ breakdown,
high voltage, and pressure. This would ensure that the product will hold up in all
of the possible situations it could be found in. There would also need to be a
manufacturing process that will somehow get the slime into the wire nut itself..
This process will have to be tested and approved as well as compete with
industry standards. This will ensure that pieces could be made quickly and
efficiently.

