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Summary 

This brief document outlines the proposed plan for an outreach activity targeted towards children 

aged 5-8, which introduces them to STEM before they determine if they are or aren’t “a STEM 

person”. The beta test for the activity will be a 6 week program in which undergraduate students 

from UNF’s chapter of the American Society of Mechanical Engineers will guide 5-8 year olds 

in the extended day program at Woodland Acres School through building a solar powered Lego 

car. In the activity, the children will play their way through engineering design, decision making, 

data collection, and validation. The long term goal for the activity will be to create an ongoing 

outreach connection between UNF ASME and area schools and to collect data on the success of 

reaching students and increasing the number of students electing into STEM activities in middle 

school.  
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A brief perspective from the author 

I, Stephen (Steve) Stagon, joined the University of North Florida as an assistant professor 

of mechanical engineering in fall of 2014. I earned a BS and PhD in mechanical engineering 

from the University of Connecticut in 2009 and 2013, respectively, and my research is in the area 

of applying nanomaterials to solve macroscale engineering problems. The plan in the following 

pages is the result of the year-long emergence of a self-proclaimed “hardcore research focused” 

assistant professor of engineering into community based learning. The community based activity 

that has become possible is the result of many different components coming into place over the 

2015/2016 academic year and efforts of many individuals in cohort 7 of UNF CCBL. The 

concept that I can have impact on equity is something new to me, but hopefully resonates 

throughout and is strongly interconnected with the mission of STEM education. The plan is also 

inspired by my brief, but intense, emergence in educating my own son, who is almost two at the 

drafting of this document. Further, I hypothesize that many young students who are very capable 

of technical careers are scared away either through lack of exposure in their early years or simply 

being told that they can’t do it. To reach these students, and perhaps introduce some of them to 

science and engineering for the first time, we will create an activity built off of play, which 

introduces engineering concepts without the intimidation that accompanies calling it engieering.  
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Why? 

Over the last decade or so, a tremendous amount of resources and attention have been put 

into STEM education in the United States. The movement has also become a part of scholarly 

research in Universities as outreach activities related to STEM education of high school and 

middle school students are now a necessary component of funded projects. These efforts have 

had clear impacts on the awareness of STEM related careers and have obvious impacts on the 

children and young adults that are directly involved. Unfortunately, these efforts don’t seem to 

have a strong impact on underrepresented groups in STEM. As evidence of this, the current 

enrollment of UNF mechanical engineering is largely male dominated, as it has been historically, 

even though there have been widespread efforts to expose all students in the area high schools 

through First robotics and Math Counts.  

 The age at which students are exposed to STEM interventions may be limiting the 

effectiveness or “return on investment” of the outreach. Using UNF Engineering as an example, 

all of the organized STEM outreach activities are targeted to children age 10+, for example 

middle school and high school. Targeting students of these ages is logical from an advertising 

perspective to the University- these interested students will come to UNF if we show them how 

cool UNF is. In terms of data, there is a wealth of data in the literature on how middle school and 

high school interventions in STEM translate to careers in STEM. However, what is coming to 

light is that the students that are participating are those that are already interested in STEM, and 

have a sense of security in that they are capable of having a STEM career. By middle school, 

students may have already decided if they are or are not the type of person to pursue a STEM 

career. The interventions at this stage more often serve to reinforce a preexisting notion for the 

student that believes that they are STEM capable and interested. Unfortunately, these 
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interventions likely have little impact on the students that have already distanced themselves 

from STEM, either out of fear or distaste. These students simply don’t participate, because 

participation is elective.  

 Having identified a group of students that is being missed by the existing effort, the goal 

of this project is to, first and foremost, reach this group of students through early intervention 

before they’ve decided that they “aren’t STEM”. To do so, we will interact with students before 

the elective period of participation in middle school. Additionally, we will begin in an 

underserved population where access to STEM type toys and activities in the home may be 

limited and funding in schools may be diverted.  

What? 

Concisely, this project will reach out to students ages 5-8 and introduce them to fun play 

and creatively oriented STEM activities to reach students before they develop an aversion to or 

fear of STEM. The activities will be engineering oriented and teach the very basics of 

engineering process, decision making, data collection, and design validation. The beta test 

activity will be centered on building a solar powered car out of Lego components and then 

collecting data on the performance of the car. As the activity grows, IRB will be brought into the 

picture, mostly likely in year two, to begin collecting data. The data that I plan to collect, if the 

activity passes the IRB, will be of the conversion rate of the students exposed to this activity to 

elective STEM activities in middle school.  

Who? 

The beta test proctors of this project will be myself and a team of senior and junior level 

mechanical engineering students who are members of the American Society of Mechanical 
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Engineering. The students have been specifically selected based on their level of excitement 

towards the idea, advanced understanding of engineering concepts, and also their communication 

skills. Before entering into the classrooms, the students will all be briefed by Dr. Susan Syverud 

and will go through a brief intensive training on what to expect and what the appropriate level of 

discussion is. The students served by this will be 5-8 year olds at Woodland Acres School who 

participate in the extended day program. The connection to Woodland Acres School will be 

aided through the inclusion of Dr. Susan Syverud. The anticipated number of people is about 5 

UNF students and about 15 children.  

Where? 

The beta test of this project will be performed with students 5-8 years old at Woodland 

Acres School in the extended day program. The UNF engineering students will do all of their 

work in my laboratory at UNF. Items for the project will be stored in my lab also.  

When? 

The first try at this project will be performed in the Fall semester of 2016. Subsequent 

tries, including work towards IRB, will begin in Spring 2017. Expansion to multiple schools in 

the Jacksonville area, each with a different population of children, will begin in Spring 2017 or 

Fall 2018. The current plan is to revisit the group of children in Fall 2019 after they have 

transitioned to middle school, at least the students that are the oldest among the group, to 

determine how many have begun to participate in elective STEM related activities.  
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The Activity 

In the following, I will briefly discuss the components of the activity to be performed 

with the students over the course of 6 meetings. Ideally, the meetings will be once a week over 6 

to 8 weeks during the fall semester of 2016. The goods for the project will first be purchased 

from my start-up funds, and in later implementations may be funded through ASME fundraising 

or through being a portion of the outreach portion of national funding agency applications.  

The final product of the project will be the creation of a car that the students are able to 

drive around their classrooms and race their friends, perhaps it will look something like the one 

in Figure 1. Along the way, they will be able to put the components of the car together, 

creatively choose a style theme, and do a little bit of component selection and data gathering.  
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Figure 1. An example solar powered Lego car that has similar components to those that the 

students will be able to use in their projects. This particular car is also capable of carrying some 

passengers and cargo.  

Module 1: Introduction to the project and parts of a car. 

In the first meeting, the UNF students goal is to break the ice with the young students and 

to get a feel for the levels of comfort with Legos and building small things. I anticipate that the 

children will be more receptive and ready for meeting the UNF students than the UNF students 

will be to work with the students. The UNF students will have a few complete Lego cars that 

they have built that they will take with them to show the children. Ideally, the children will have 

some time to free play with the cars and then deconstruct the cars, taking them apart down to 

their individual components. Towards the end of the first meeting the UNF students will gather 

the attention of the children and talk to them about all of the parts of the car and what each of the 

parts does. Depending on how many of the children have families with cars, this section may be 

somewhat difficult to explain, so the children will be able to have the parts of the cars in their 

hands as the UNF students are talking about them. For example, when the UNF students talk 

about the motor, or what pushes the car, they will show the children how the motors work in 

really simple steps. Additionally, they will tell the children how they will be building their own 

cars through the next few weeks and that they can make it do whatever tasks they want, like 

carrying several Lego people (a passenger car) or pulling something heavy.  

Module 2: The frame- holding it all together.  

In the second meeting the UNF students will explain how the frame is used to hold 

everything together: wheels, passenger compartment, motor, batteries or solar panel, etc. The 
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students will bring several different examples of frames with different purposes and ask the 

children to form a few small groups of 3-4 and talk about what they want their car to be able to 

do. One UNF student will team up with each group of children and help them draw their idea for 

a frame on a big sheet of paper. Once all the teams have drawings all of the sheets of paper will 

be posted in the classroom so that the children can see how different all of their ideas are. Next, 

the UNF students will help the children to build their own frames with wheels with their original 

drawing in mind. An example of what a frame might look like is below in Figure 2, a simple 

frame with four wheels. At the end of the day, the UNF students will take pictures of ONLY the 

cars and the drawings (no pictures of children) outside of the classroom so that they can 

document the transformation of the children’s’ cars. The UNF students will take the cars and 

drawings with them for safe keeping.  

 

Figure 2. A simple Lego car frame which may be similar to what the children build.  

Module 3: The motor and batteries- moving us around.  

 In the third meeting, the conversation and activities will turn a little more technical. The 

UNF students will show the children that the type of motor, the gears connected to the motor, 

and the size of the wheels that drive the car all have impacts on how fast the car will go. If the 
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children are building a car to pull heavy things, the UNF students will show them that they want 

to use large wheels and small gears to make the motor spin very quickly to maximize torque 

output, or pulling power. If the children are building a car that they want to go fast, the UNF 

students will show them how to match the wheels to the motor to spin at about the same ratio. 

The play aspect of this meeting will be allowing the children to match different wheel and gear 

combinations to test out how the speed is affected and how much pulling power the cars will 

have based on the combinations. Depending on their level of readiness, the children may also 

make a simple table showing how different combinations resulted in top speed or pulling power 

(for example: big wheels and big gears = strong). Based on the testing done and the goal for the 

children’s cars, they will choose what combination to use for their own cars. Again, the UNF 

students will collect all of the cars and written work up at the end and save it for later.  

Module 4: The body and style- creativity in motion.  

In this meeting the UNF students will bring examples of different purpose built Lego cars 

and discuss with the children why different functions require different styles and different 

components. The children will then make lists of what their cars will need to suit their end goals. 

Next, the children will again be given the big notepads and be allowed to free sketch what they 

imagine their cars looking like. Each member of the team will be able to draw on their own piece 

and then the group will come together to appreciate the designs that each member brings 

forward. The UNF students will help the teams choose one aspect of each of the team member’s 

drawings and together they will compose a final drawing of what they expect their car to look 

like. Finally, it is time for creativity and free play allowing the children to use whatever pieces 

they want to make their cars match their sketches. This will take some time, and will probably 

spill over into week 5. In this stage, the UNF students will mostly just help the children locate 
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the pieces they are thinking of using and possible suggest some alternatives for things that we 

don’t have with us.  

Module 5 (optional): Charging your batteries with the sun.  

Contingent on the level of the children and on the speed at which they build their final 

concepts, this meeting, or part of the meeting, may be based on showing the children what 

energy is and where it comes from. The UNF students will build context by talking about people 

eating food for energy, cars consuming gasoline, and electrical things getting power from the 

wall socket that goes all the way to the power plant. We will bring along a few small solar panels 

that are wired to hook directly into the Lego cars and demonstrate that even the sun sends us 

energy and we can use this energy to stuff work. Solar panels are probably the best choice, 

compared to things like fuel cells or building batteries, because there is nothing messy or that can 

spill and they plug in very easily. The UNF students will bring a few strong flashlights that will 

speed up the cars when connected to the solar panels and then show the children that when they 

cover the solar panels with their hands, shutting off the energy source, the cars will slow down to 

a stop.  

Module 6: How fast does your car go, or, How much can your car pull? Collecting data.  

In the last meeting we will show the children how their choices of gears, wheels, and 

weight of their designs dictates the final speed and pulling power of their cars. It will be 

important to set the stage that this is NOT a competition on who’s the fastest or who can pull the 

most, but rather a time to learn about how speed and pulling power are in a balance with one 

another. The students will set up course across which the cars will travel, marked by lines of 

tape. The children will then take turns either testing their cars or timing the other students testing 
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their cars with stop watches. There will be several different standard weights of a few ounces 

that will be dragged behind the cars to see how the designs impact the pulling power and speed. 

The weights will be in steady increments with one that is too heavy for any of the cars to pull, 

showing the upper limit of the little Lego motor. There won’t be any comparison of the results 

between the children’s groups to pick “a winner” because each car will be very different than the 

others and able to pull a different weight at a different speed. At the end of the meeting the UNF 

students will tell the children about the future activities that they can participate in, including 

Lego league and different area robotics events.  

Budget and Potential Funding Sources 

 The budget for the beta test will be on the order of $500 and will cover:  

ten Lego Technic Power Accessory Kits, $28.52 on Amazon, that each have a motor and various 

other power control and management components,  

 

five Lego Technic Dessert Racer Model Kits, $32.00 on Amazon, 
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two 1000 piece building brick kits, $32.95 on Amazon, (we have all stepped on these and know 

exactly what they look and feel like underfoot) and five small USB solar panels that the UNF 

students will adapt to connect to the Lego motors which are about $15 each.   

 

 The funding for the beta test will come from the PI’s start-up, or a small portion may 

come from CCEC or ENGR funds so that the Lego kits and experiments may be shared 

throughout. In long term, I will write this activity into the broader impacts of national level 
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grants and may contact the American Society of Mechanical Engineers and other professional 

societies to see if they are willing to support the expansion of this activity to a wider base.  

Future Plan 

 After the initial beta test in Fall 2016, I will begin trying to navigate the IRB process over 

the winter intercession and during Spring 2017. During this time I would like to try to identify 

four different elementary schools in the Jacksonville area with very different student populations 

to get a representative cross-section of children 5-8 years old. Additionally, I plan to expand 

from the original group of a handful of engineering students up to 20 students from ASME and 

the Florida Engineering Society, who will split up between schools. The original group will help 

me train the new students and will act as group leaders, each going off to a school or class of 

their own. The plan, at least for now, is to stay in extended day programs. The rationale behind 

this is that the teachers likely already have very full curriculum plans and integrating a 

substantial effort into the daytime curriculum will be challenging.   

 The proposed data to be collected may be somewhat challenging based on the fact that 

the children will likely split to different middle schools after leaving elementary school. 

Logistically, I will need to determine if it is more reasonable to try to expand the effort to more 

children in a given grade and then track the entire class as a full data point, or if it is more 

reasonable to track a smaller group of children through to their next school. Either or, the data 

collection sounds challenging to me, but hopefully will not compromise the effort.  

 


