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ABSTRACT 

 As part of the Department of Defense’s initiative to increase the number of students 

interested in pursuing careers in the space and defense industry several courses and challenge 

projects were developed by SpaceLab Illinois. These projects are meant to increase awareness of 

career opportunities in the space and defense industry. The flagship course is the Introduction to 

Rocketry course which is intended for high school and early college students. The course is a 

combination of the Massive Open Online Course (MOOC) and hands on model rocket building. 

Often referred to as a Bended MOOC, this course is intended to be as accessible as possible for 

students and teachers so that it can be accessed, understood, and completed by almost anyone in 

the target audience. 

 Not much is known about the development and effectiveness of blended MOOCs, likely 

because of the difficulty to implement such a course. The move to an online focused classroom 

in recent years has made educators more open to implementing online courses. This allows 

students access to up to date and expertly taught content that might not be possible in a 

traditional classroom. Still, it is important not to lose sight of the benefits of students 

experimenting and learning in the classroom with their teacher. 

The studies presented in this paper attempt to provide insight into the efficacy of the 

introduction to rocketry course developed. Specifically, does the course increase students’ 

technical knowledge and interest in aerospace? Along the journey of the development of this 

course and the research into its effectiveness, many challenges were encountered. This paper will 

also present qualitative findings from this journey to assist future educators and researchers if 

they should choose to develop a similar course. 
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CHAPTER 1: INTRODUCTION 

An introduction to rocketry course at the University of Illinois was developed through 

funding from the Department of Defense (DoD) and the National Defense Education Program 

(NDEP) for Science, Technology, Engineering, and Mathematics’ (STEM) Education, Outreach, 

and Workforce Initiative Programs. The goal of this program is to inspire and prepare a new 

generation of engineers and scientists to participate in the new space and defense industry. The 

growth of the space industry has driven a need for a new, bigger, and more diverse generation of 

young people. Students who take the rocketry course will learn not only the basics of rockery, 

but also gain insight into what aerospace engineers work on and the goals of space companies.  

The space industry has grown significantly over the past five years and there are more 

roles in space than people to fill them. A report from the Space Foundation found that the 

American space workforce saw a five-year growth of eighteen percent, while at the same time 

colleges in the United States saw a five-year decline in students pursuing engineering degrees 

[1]. A shortage of qualified engineers is not the only issue in the industry. In 2019 and 2020, 

fifty-six percent of the U.S. Citizens who graduated with a bachelor’s degree in aerospace 

engineering were white males and fourteen percent were female, according to National Center 

for Education Statistics [2], [3]. Research has shown the positive impacts of diversity and 

performance in other workplaces [4] and there is no reason to think it wouldn’t benefit the 

aerospace industry. Providing high school and college students the confidence to pursue a career 

in aerospace, especially those who would not typically pursue this type of career is our attempt to 

solve these issues. Development and operations of aerospace technologies, particularly space and 

defense, are by nature large and expensive. Understanding where they fit in can often be hard for 

students looking for a career. The course discussed in this paper along with the outreach 



2 

 

alongside it are aimed to get students excited about aerospace and give them an idea about what 

is involved in participating in aerospace projects like rocketry.  

The goals of this project were to inspire students to pursue a career in aerospace 

engineering, especially those who might not otherwise have considered it and increase the 

rocketry knowledge of all students taking the course. To achieve these goals, we had three 

objectives. First, create online rocketry courses with a hands-on component. Second, get this 

content into the hands of teachers and students at the high school and college levels. Three, assist 

future educators in the development and implementation of this course and similar courses. This 

paper will present the findings from carrying out these objectives. During the development and 

implementation of our course we deemed it necessary to assess its effectiveness. Along with a 

qualitative analysis of course development quantitative results will be presented from a pilot 

course at the University of Illinois Urbana-Champaign. 
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CHAPTER 2: A QUALITATIVE EXPERIENCE WITH THE DEVELOPMENT AND 

IMPLEMENTATION OF ONLINE AND HANDS-ON ROCKETRY EDUCATION AND 

OUTREACH 

 

2.1 INTRODUCTION  

As discussed in chapter one, the space industry has been growing and a diverse group of 

young people pursuing space related careers would be of great benefit to most aerospace 

companies. The coursework presented in this chapter is aimed at providing students with 

knowledge and efficacy in space related topics, particularly rocketry. SpaceLab Illinois [5] (SLI) 

is a team of aerospace and educational students and professionals created to address these issues. 

By creating an accessible and interesting rocketry course, SLI hopes to increase the 

understanding of what a career in the space industry is like and inspire some students to join the 

industry.  

Creating accessible coursework that can be inserted into a variety of classrooms is clearly 

a challenging feat. Luckily the advances in online learning have provided an easy way to provide 

educators with ready to use coursework. The massive open online course (MOOC) was created 

in part to address this. Websites like Coursera, EdX, Canvas, and others have been successful in 

providing students and teachers with exceptional coursework that depends only on the mostly of 

the experts who designed the course. According to the National Center for Education Statistics 

[6], 44 percent of public schools in the U.S. reported having a teaching vacancy. This has 

without a doubt created more work for each teacher and less time to focus on learning and 

presenting students with the most modern set of courses. This is why we chose to create a 

MOOC style course. Without the stress of learning and creating course material and delivering 
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lectures on the material, the classroom is flipped. Teachers can spend more time with students 

during the day while students watch lectures for homework. The MOOC structure alone as 

described here works great for many topics, but engineering and science often require 

experimentation and experiential learning. Because of this, it was decided that a hands-on 

component of the course would be added. Although the course is designed to be inserted into a 

classroom all of the material is publicly available like any MOOC on the SLI website [5] and 

does not necessarily needed to be completed in the classroom. 

 Hands-on projects in the classroom have been shown to enhance student knowledge, their 

interest in the subject, and confidence in themselves to participate in simper projects in the 

future. Integrating hands-on activities into MOOCs could provide the benefits of project-based 

learning (PBL) and hands-on learning while being more accessible to teachers. With these ideas 

in mind the SLI team decided to develop a hands-on rocketry course that gives lectures in an 

entirely online format. Along the journey of the development of this MOOC with hands-on 

activities and the research into its effectiveness, many challenges were encountered. Countless 

iterations were made based on discussions with educators and students. This chapter reports on 

the experiences while developing and implementing both the online and hands-on part of the 

introductory rocketry course and the outreach in high school and college classrooms. The benefit 

to educators is to understand how and why they might want to implement this or a similar course 

into their own classroom. If you are an educational researcher or looking to develop a new 

course with similarities to ours this chapter will give guidance based on lessons learned from our 

successes and failures in development.  

 The course developed is Introduction to Rocketry, which combines two types of 

educational resources: A web based MOOC style rocket science course and a hand-on model 
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rocketry project. Insights into how these were created and experiences on implanted, and 

outreach are described in detail. Specifically, we hope to answer the following,  

• What are important considerations when developing a MOOC with a hands-on project? 

• What challenges and limitations are added when implementing a MOOC in high schools 

and colleges?  

• What are the benefits of delivering a hands-on experience with a MOOC? 

• Does this course encourage students to consider space-related careers? 

Much of the content in this chapter was a collaboration between me and multiple authors and 

will be published in the Conference Proceedings of the American Society of Engineering  

 

2.3 INTRODUCTION TO ROCKETRY BLENDED MOOC 

Before diving into the lessons learned from our course development and implementation 

an overview of what the final course consists of will be discussed. This section will cover the 

entirety of the course as well as were and how it was implemented in classrooms. 

 

2.3.1 Course structure 

 As mentioned in the introduction, this Introduction to Rocketry course is broken down 

into two parts. The first is an online course that mimics the style of most MOOCs seen on 

platforms like Coursera, EdX and others. The online content is broken down into five sections 

that gives students the basics of model rocketry and all the tools they need to participate in the 

hands-on project in the second part of the course. This second part is the hands-on project which 

is broken up into four sections. The first section is the rocket build. The second section is what 

we call the apogee activity. Students will use what they have learned to make predictions about 
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their rocket and adjust their payload to achieve a desired apogee. After they have built their 

rocket and made their models, they will launch their rocket. Finally, the students use their data 

along with what was learned in the course to analyze their results and report on their findings. 

 Figure 1 displays the flow of the course. We have done our best to make the hands-on 

project as simple and affordable as possible, but it is understandable that not everyone will be 

able to participate in it. Because of this fact it is possible to participate in the course without the 

rocket build and launch. In this case you would create your model and be given sample data to 

compare with. In Figure 1 this version of the course would follow the top arrows through 

“Online Content”, “Make Predictions”, and “Reflect” using the sample data. Teachers may also 

want to reuse rockets skipping the build but collecting data through a rocket launch. We 

recommend following the entire course in Figure 1 building a rocket and collecting data through 

the launch due to the great benefits hands-on learning has for students. 

 

Figure 1: Possibilities for course structure 

 Like many online courses checkpoints and quizzes are given along the way to help 

students retain their knowledge and let them know if they are catching everything in the videos. 

The SLI team has developed four quizzes that go along with the online videos. We like to give 

them to students before and after learning so students know what to look for and so that we can 

track their improvement. 
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2.3.2 Online Content 

The online content consists of thirty lecture videos, shown in Table 1, which in total last 

about two hours and fifty minutes. All the videos were developed and presented by 

undergraduate students pursuing a variety of STEM majors at the University of Illinois Urbana-

Champaign (UIUC) and supervised by myself and another graduate student. Figure 2 shows a 

screenshot of one of our students presenting the phases of flight from the Introduction unit of the 

course. The course objectives and video topics were created by the entire SLI team and were 

iterated numerous times based on implementation and feedback that will be discussed in detail 

later in this chapter. 

 

Figure 2: Video on the phases of a rockets flight presented by a UIUC engineering student. 

The final course consists of five units, displayed in Table 1. The introduction section 

discusses the importance of space exploration and gives a brief overview of model rocketry and 

how it relates to full scale rockets. The goal of this unit is to get students excited about 

completing the course and feel like by participating they will receive valuable expertise. The 

next unit, Rocket Hardware, is exactly what it sounds like. Seven videos talk in detail about each 
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part of a model rocket and why it is important. Along the way examples are given for the 

similarities and differences between the hardware on a model rocket a real space launch vehicle. 

These first two sections are combined into a single quiz since they are relatively short compared 

with the last three sections.  

The next unit covers basics physics concepts that are necessary to understand how any 

rocket works. Topics in this section are relevant to many physics’ courses, not just rocketry, but 

as the title suggests they are fundamental to understanding rocketry. Equilibrium and stability are 

critical to building a safe rocket that flies the way you want it to. Almost every video in this 

section somehow relates to ensuring students understand these two concepts and why they are 

important. For example, the center of gravity must be behind the center of pressure and the thrust 

to weight ration should be high enough to allow for rocket stability off the rail. 

The Modeling Rocket Mechanics unit was developed to assist with the make predictions 

part of the course (Figure 1). After attempting to implement the course it was evident that 

students and teachers struggle with these modeling techniques and more guidance was needed. 

This section discusses newtons second law of motion and derives and describes, without Drag, 

the kinematics equations. Then these equations are used to calculate an approximate apogee 

given constant mass and thrust for your rocket. Finally, students learn how to use spreadsheet 

software to do these calculations over and over at different times, creating a plot of the 

approximate rocket trajectory.  

The last unit in the online course covers how to analyze the rocket trajectory data. Why 

does the plot look the way that is does and what does it mean? Students learn the answers in this 

section. Students will also learn how to compare their model to experimental data and determine 

why they might be different. Another important part of the section are the “Comparing Different 
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Models” videos. Since most students will not be able to use drag in their models, an online 

calculator was developed that includes drag. These videos compare the online calculator to what 

students created in google sheets and discuss how accurate each of them is and where the 

shortcomings of each arise. The end of this section talks less about analysis and more about what 

it looks like to have a career in aerospace. Interviews were conducted with students and 

aerospace professionals about their career path and current roles. The last video discusses what 

the future of the industry holds.  
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Table 1: Video lectures in the Introduction to Rocketry course 
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2.3.3 Apogee Activity 

After students learn how rockets work and how they might model them they will go on to 

create their own model using plotting software of their choice. It was decided due to accessibility 

reasons that google sheets would be supported in the videos, but if students are comfortable 

using excel, python, or anything else they are not prohibited from doing so. Students start by 

using Newtons second law and come up with equations 1 and 2, displayed below, that describing 

the rockets flight. Equation 1 describes the boost phase when the motor is burning. Here the mass 

of the system is decreasing since the motor is throwing propellent out of the rocket, the thrust is 

variable as will be discussed later in this section, and the drag is dependent on velocity (Equation 

3) which is also changing. Since many students will not be well versed in numerical integration 

or calculus, they will drop the drag term and assume that the mass and thrust are constant to get 

an approximation for the trajectory. During the coast phase the mass of the rocket is constant 

since the motor is no longer burning, but the drag still changes with the velocity.  

 

 Fboost = - Weight + Thrust – Drag (1) 

 Fcoast = - Weight - Drag (2) 

 Drag = (Drag Coefficent) · ½ · (Air Density)· velocity2 ·Area (3) 

  

Obviously removing the drag term will give them an incorrect estimation for the rocket’s 

trajectory. The SLI team also created an online applet that helps students see what the rockets 

flight would look like with drag using more methods likely too advanced for a high school or 

college student [7] . The applet allows them to adjust the mass and motor and see how it impacts 

the rocket’s flight. A screenshot of the website is shown in Figure 3. The simulator uses motor 
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files from thrustcurve.org which include variable mass and variable thrust over the motor’s burn 

time. Drag parameters were calculated by creating a model of our rocket in a software like 

OpenRocket [8]. With all these values known the equations above the equations were integrated 

using the fourth order Runge-Kutta method [9]. The simulator allows students to see 

acceleration, velocity, and altitude plots and download the data as a comma separated values file. 

The output has been fairly consistent with experimental results. 

Many teachers want to skip the student model in google sheets since it consistently gives 

an altitude ten to twenty meters over the online simulator. We believe that the students working 

it out themselves first is extremely important. It makes the simulator less of a black box by 

giving them an understanding of how it works. They see the drag equation and the issues that 

arise if they were to try to use themselves. Then the makes calculations without it but can try to 

make out how they might incorporate it once they move on in their mathematics courses. 

 

Figure 3: Online Rocket Simulator 
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 Once students have created their models and compared them to the online simulator, they 

are given a target apogee. This is to represent a real space mission. No rocket is just shot in the 

air for fun, they deliver payloads to a certain place in space. Students can decide what payload 

they want to add to achieve a mission of their choice. The use the simulators to determine how 

much of this payload is to be added in order to make the rocket peak at their mission’s target 

apogee. 

 

2.3.4 Assessment Development 

Like the popular MOOC platforms online, we created checkpoint quizzes for students. 

This was decided not based on what these other platforms have done, but that the research 

suggests that that frequent low-stakes quizzing is beneficial to students learning, so a similar 

format is used in this course with the addition of a baseline quiz [10].In addition to these quizzes 

a baseline quiz was created to help determine how much student actually had improved after 

taking the course. Some students will come in knowing some of this material and maybe the 

questions are too easy for others. Quizzing students before helps us get a better understanding of 

the effectiveness of the course material. 

Questions were created based on important concepts taught throughout the videos. Quiz 

questions were initially open-ended and free response. These turned out to be too challenging 

and hard to assess. The team decided to switch to multiple-choice questions for a more realistic 

difficulty for an intro course and grading efficiency.  

As discussed previously the course structure was broken down into four sections. 

Students first build their rocket, then make predictions, then launch their rocket, and finally 

analyze the data. In some cases, teachers or students are not interested in putting in the extra 
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time, effort, and money to use the hands-on part of the course. If this is the case, it is possible to 

use only this course up to this point and then analyze sample data. We have found through both 

qualitative and quantitative studies that students get the most out of the course when they use the 

hands-on project. When building and launching the rocket, students get excited and curious 

about engineering. In chapter 3 it will be shown quantitatively that student’s interest and self-

efficacy in rocketry also increase. Because of these findings we recommend the hands-on 

sections presented not be skipped over. 

 

2.3.5 The Hands-on Project Tutorials 

This part of the course does contain online video tutorials to assist teachers and students 

with the build and launch of their rockets. As shown in Table 2, there are a total of twelve videos 

lasting about an hour and ten minutes total. The build videos are not required to complete the 

course. These tutorials are accompanied by a set of instructions that students may use if they 

prefer them to the videos.  The benefit of the videos is the students reiterate the importance of 

each component of the rocket and explain why it is there along with showing how to actually 

build this courses model rocket. 

The launch videos also come with a set of written documentation for teachers and 

students may not need to know all the details, but it is recommended that these videos are still 

watched by students since they include important safety information. For example, teachers will 

likely enforce launch procedures, but it will be much easier if students learn them ahead of time 

and understand why they are done. There may be misfires while launching, these videos will 

give students information on what may have gone wrong and how it can be fixed for a successful 

future launch.  
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There are videos in the Launch unit that describe the launch site selection and 

environment. Students will likely not need to select the launch site, but we decided to include 

this information in case they wanted to try model rocketry as a hobby. Also, although the course 

was initially intended to be inserted into a classroom all of the material is publicly available like 

any MOOC on the SLI website [5] and can be completed in other settings like after school clubs. 

As mentioned in videos and course documentation, if completing the hands-on part of the course 

it is important to contact your local National Association of Rocketry (NAR) club for 

information on safe launch sites and procedures in your area. 

 

Table 2: Hands-on tutorial videos 
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2.3.6 Model Rocket Kit  

Over the past two years of development the model rocket kit has gone through the most 

iterations. Complete explanations for the selection of the materials outlined in this section will be 

described in the lessons learned section. This section focuses on what the current hands-on kit 

looks like and gives a brief overview of why it was selected. As you will discover, most of the 

iterations stemmed off the fact that achieving the goals of this course meant the kit needed to be 

accessible and cost effective, but still exciting so that students are interested in the project. 

The Quest Courier model rocket was selected as the model rocket, displayed in Figure 4. 

This rocket has plenty of room for payload and an altimeter in the nose cone and can be built in 

only two to four hours. The rocket is simple, it includes few parts, all of which arrive in the kit 

when purchased, and requires only glue and a box cutter to complete. Through rigorous testing 

the SLI team considers this this kit to be reliable and of good quality, making it perfect for a 

classroom. 

 

Figure 4: Quest Courier Model Rocket 

 

The size of the rocket was an important consideration. Larger models necessitate more 

powerful motors which require larger areas for launch. To create an accessible course for high 
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school and college classrooms we determined that the launch area could be no larger than a 

baseball or football field. This amounts to roughly a 400 foot launch diameter which meant we 

were limited to A, B, and C class motors. Motor lettering signifies the total impulse of the motor, 

A being the smallest. The NAR uses these impulse values to recommend how large your launch 

radius should be. It would seem like a small motor would be better for this situation, but we had 

a few other things to consider. First, we wanted students to be able to add significant payload 

mass to their nose cone for the apogee activity. Second, if the rocket barely flies students are 

going to be less interested and excited about the project. Fortunately, the Estes C5-3 motor was 

the perfect motor to achieve all our goals. We had some reliability issues with the motor, but 

proper storage and launch procedures have resolved these issues. 

The last part of the kit is the altimeter. This records the maximum height, or apogee, that 

the rocket achieves during flight. This is a critical part of the rocket kit since students are 

required to compare their predictions to the actual flight data. Many different altimeters were 

analyzed and the Jolly Logic AltimeterOne (Figure 5) was found to be the best combination of 

ease, reliability, and cost effectiveness. The altimeter can save multiple flights and has a long 

battery life so that a classroom can save money by reusing a few rather than buying one for every 

rocket.  

 

Figure 5: Jolly Logic AltimeterOne 
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Recording the apogee is a good start for the intro course, but more advanced courses will 

want to compare their entire launch trajectory to their predictive model. There are options for this 

on the market, for example the Pnut Altimeter from PerfectFlite (Figure 6). This is only slightly 

more expensive than the AltimeterOne, but it beeps out only the most recent flights apogee rather 

than having a display of multiple flights. The upside is it stores the entire flight log of altitude 

and velocity onboard. The reason we decided not to use it for the novice course was that it 

requires software to be downloaded on a MAC or PC which is often not possible at the high 

school setting. At a more expensive price the team has developed an Arduino option that requires 

only and type of computer, including a Chromebook which is often used in high schools, and the 

entire altitude flight log is provided. 

 

Figure 6: Pnut Altimeter from PerfectFlite 

 

2.3.7 Implementation 

 Over the past two years different versions of this course have been implemented into high 

school and college classrooms. We have also presented the course at teacher professional 

development workshops to see what teachers though of the course and if they would think of 

implementing it into their classroom. A summary of the implementation type and audience is 

shown in Table 3. The collegiate implementations have taken place at UIUC and Southern 

Illinois University Edwardsville (SIUE). My work has been only at UIUC so that is the 

implementation that will be discussed throughout this manuscript. The course was run three 

times as an eight week elective. It was first offered only to aerospace students, then to anyone, 
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and finally to all students outside of those pursuing aerospace majors. This third time will be 

discussed in detail in Chapter 3. Most of the students who have taken the course have been first 

and second year students in engineering. All course materials were provided to students for free 

and were taught by my teammates at SLI and myself. 

The high school implementation has occurred only once in the past two years but will be 

picking up soon.  A group of six local high school teachers decided to implement the course at 

varying levels of difficulty to students from the freshman to honors senior level.  In all cases the 

course was a part of physics classes. 

 

Table 3: Summary of how the course has been implemented and presented. 

 

 

2.4 LESSONS LEARNED 

 The course described in section 2.3 is the result of many iterations. As shown in Table 3 

the SLI team worked hard to get our work in the hands of users and receive feedback from them. 

The initial course looked very different that the current state. Course development began during 

the COVID-19 pandemic making it hard to reach out to stakeholders at PDs and high schools in 

the beginning. It might not be much of a surprise that when a group of aerospace engineers got 

together to create an introductory level course the result was complex, difficult, and expensive. 

The rocket build looked like something out of a collegiate senior design course and the videos 
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were too long and numerous. This section discusses how we solved these problems after 

discussing with the teachers and students of the target audience. 

 

2.4.1 Development of Course Material and Structure  

 So far, the benefits of MOOCs have been presented like they are inherent to any online 

course. Now that nearly every student and teacher has participated in some online instruction it is 

obvious that this is certainly not the case. One issue that we had at the beginning was with video 

retention. Studies have shown that lecture videos should be no more than six minutes long or 

significant decline in engagement will occur [11]. Most of the videos in this course have been 

reduced to around five minutes in length. The exceptions are in a few tutorial videos that we 

were unable to cut down on since they contained necessary information. One example of this is 

“Plotting Altitude (Google Sheets),” where it is assumed that students have never used 

spreadsheet software. This video teaches both about plotting data and using google sheets and is 

difficult to go through in five minutes. This is not uncommon in these types of videos and is not 

necessarily an issue [12]. This video did in fact see a fewer watch time per viewer but had many 

more views than other videos. Students watched this video many times when they were 

completing their apogee activity.  

As is clear from this discussion, video analytics are critical to understanding how students 

are engaging with your material. In the first pilot course conducted we attempted to survey 

students on each video, and this was overwhelming and did not yield good results. Especially 

when implementing to large groups having a way to track viewership automatically is important.  

Early on, little research was done on the impact of video length. All of this course’s videos are 

posted on YouTube which provides video analytics for free. 
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2.4.2 Apogee Activity 

 Many of the issues the initial course possessed were solved by the development of this 

activity. Our initial course contained most of the complexity in the challenge in following the 

build and launch instructions. There was little room for students to test hypotheses. After 

implementing the course into the early college classroom, students asked for more engagement 

and knowledge about making calculations. These were of course engineering students, but after 

presenting the course at teacher PDs we heard the same arguments. Students needed to be able to 

manipulate variables and be creative. It turns our that building and launching rockets is difficult 

and making the hands-on part of the course simpler is better. The complexity should come 

elsewhere, in places were students are free to make mistakes. This place is the apogee activity 

and data analysis. The rocket, as will be discussed in more detail in a future section, was 

simplified greatly after the inception of this and students still find the build and launch exciting. 

Our initial course contained difficult hands-on learning but did not have the benefits of 

project-based learning (PBL). This is particularly important for the Next Generation Science 

Standards NGSS. If you are going to replace coursework in high school science classrooms, you 

have to follow NGSS. What the apogee allows students to do is create a model, use this model to 

make predictions, test their hypothesis, and finally analyze the data and discuss why their launch 

data did not match their predictions perfectly. This connection between what is learned in the 

classroom and what is done through experiments is what excites the teacher about this course the 

most. 

Even after the activity was developed it needed many updates to become accessible to 

most high school and college students. Most people are not well versed in coding or spreadsheet 

software. In the beginning, too much of a burned was on students to learn this themselves. Since 
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testing and receiving feedback, the course has been adjusted to support google sheets plotting 

which was deemed to be the easiest to learn. This is used alongside the online applet that was 

discussed in section 2.3.3. 

 

2.4.3 Assessments 

 When using the initial assessments during course piloting were completely free response. 

The questions also were often open ended and did not have direct answers in the videos. This 

clearly makes grading the students more difficult and the questions more difficult. This was 

understood at the time and all quizzes were graded on timely completion rather than correctness. 

The reason for creating quizzes like this was to get a better understanding of what information 

were getting from the videos as well as what their previous biases were, without being swayed 

by the multiple choice’s answers. Eventually all assessments were changed to multiple choice, 

but this initial set of quizzes helped greatly. We used free response answers to educate us on 

what material needed to be fixed and added, and their answers helped develop multiple choice 

selections.  

 

2.4.4 Model Rocket Kit 

 The model rocket kit went through the most changes of any part of the course. As 

mentioned previously the initial rocket was a better fit for a collegiate senior design course than 

an intro course. The original kit was designed around a central microelectronics system. The 

original thought was to work with a microelectronics device that can be used on all space 

engineering related kits including rockets, rovers, and landers and building a course around it. 

The goal was to have many different project-based courses and that students and teachers could 
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easily participate in all of them. This introductory rocketry course was the first course developed 

using this concept. I will briefly describe what the initial avionics and rocket system looked like 

and then explain how and why changes were made to the current kit. 

 The microelectronics system that was chosen had to satisfy many criteria for not only 

working with rockets but also drones and landers. Therefore, the inaugurate choice of 

microelectronics had to be a complex system with multiple sensors onboard and provide real-

time data. The Raspberry Pi/Navio2 Figure 7 seemed like a solid choice because of its versatility. 

The Raspberry Pi4 system is a microcomputer and the Navio2 is an autopilot HAT for the RPi4 

that comes with preconfigured software and documentation. The Navio2 contains multiple 

sensors onboard including GNSS receiver for GPS tracking, Dual IMU with accelerometer, 

gyroscopes, and magnetometers for orientation and motion sensing, and a high-resolution 

barometer for accurate altitude measurement. The developers realized this may be overkill for a 

rocket since the only requirement for the rocket flight was to collect data and many other 

microelectronics systems have been created to accomplish the same task in cheaper, lightweight 

versions. However, the idea at the time was this complex microelectronics system could be then 

used again and again in different projects and it had a seemingly amount of endless data for 

students to analyze.  

 

Figure 7: Navio2 Mounted on a Raspberry Pi 

 With the centralized microelectronics system, the goal was to search for off-the-shelf 

model rockets that the RPi4/Navio2 can fit into and motors that produce enough thrust for 
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launching the heavy equipment. With these limitations in mind, many model rockets were 

researched and tested. As a result, the Super Big Bertha was chosen due to its spacious room for 

carrying the avionics system and its corresponding design of motor E and F class. 

 

Figure 8: Estes Super Big Bertha Model Rocket 

The avionics, including the battery, microcontroller (Figure 7), telemetry antenna, and 

GPS antenna were stored in a well-designed, 3D printed avionics bay (Figure 9) that fit into the 

top of the rocket (Figure 8). 

 

Figure 9: 3D Printed Avionics Bay 

With the additional masses, the developers searched for a motor that allows this heavy 

rocket to be launched. From performing experiments both computationally via OpenRocket and 

experimentally, the selected motor for the final rocket was chosen to be the Aerotech F67 motor 

shown in Figure 10. The motor matched dimensions of the SBB’s motor mount and produced a 

large thrust to ensure a successful rocket flight.  
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Figure 10: Aerotech F67-4W Motors 

 The entire kit completed and expanded for view is displayed in Figure 11. This kit 

certainly followed the initial model we hoped to achieve. It was an exciting project for students 

and once in the classroom the electronics could be used for new projects that continued to get 

students excited about aerospace. And the avionics system looked a lot more like a real system 

would and collected enough data for students to understand the full trajectory of the rocket and 

more. 

 

Figure 11: Initial model rocket kit built and ready for assembly. 

 Unfortunately, issues arose that forced the team to pivot. After first implanting into a 

freshman college course at UIUC students reported that the rocket build was difficult and 

potentially unsafe. As an instructor I saw that the setup and use of the electronics required way 

too much assistance. Students were unable to complete the project on their own without help 

from someone who had done hours of troubleshooting with these specific avionics system. Once 
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the course was presented to teachers at PD events, many more issues came up. The kit was well 

out of the price range of most school budgets, and it was extremely difficult to find a launch site 

for an F class motor. Accessibility issues with the avionics were also a huge problem. Most 

teachers had never used a Raspberry Pi before and were overwhelmed by the setup process. 

Also, the setup required a Windows or MAC computer while many school systems use only 

Chromebooks.  

If the goal is to engage more students in the industry who were not already interested, and 

in the case of high school might not even be considering a STEM career, the barrier of entry 

needs to be low. At the same time students need to be challenged with something new and 

complex to garner interest in a topic. This tug of war turned out to be the main theme of this 

project. How do you create a challenging and interesting course that motivates students to enjoy 

learning about space but make it simple enough that they will not get lost. Even more important 

is ensuring that a high school physics teacher feels comfortable teaching the material. 

When designing the new rocket system, we made sure not to make the same mistakes. 

But we still learned a lot from creating the simpler rocket kit described in section 2.3.6. Early on 

we wanted to use an even smaller and simpler rocket but ran into issues with the payload 

addition in the apogee activity. In this activity students add additional weight to the rocket to 

achieve a desired apogee, but this reduced the off rail velocity making the rocket launch less 

safe. One solution was to reduce the range for apogee and thus mass addition, but when trying 

this it was clear that it was less interesting for students. In these cases, since the rocket masses 

are so similar it is also more likely that students will come to incorrect conclusions. 

The C5-3 motor, and Courier rocket were the perfect solution. There is plenty of room in 

the rocket for a wide variety of payload and its mass. As seen in Figure 12, the C5-3 motor 
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produces a large amount of thrust off the rail making the launch safer for larger payloads, but 

then the thrust dips drastically so that the launch radius can be reduced, and launches can be done 

on a baseball or football field. 

 

Figure 12: Estes C5-3 Thrust Curve 

 

2.4.5 Launch Troubleshooting 

 The launch is the scariest part for teachers wanting to implement the course into their 

classroom. Educators’ issues with safety were expected, but what was not was their hesitation to 

implement due to reliability. After working hard to learn and build the rocket would it launch 

consistently and reliably? If something did not work, how might you trouble shoot it? These 

concerns are justifiable as are safety concerns since this project involves projectiles moving very 

fast, but the SLI team has worked very hard to ensure that proper scaffolding is in place to keep 

the launch day safe and successful. 
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 We have found that making a reliable system is really the hardest part. Model rocket 

motors need to be stored in warm places or they are likely to misfire. Also installing motor 

ignitors and using launch controllers can be difficult with one minor error keeping your rocket on 

the ground rather than being thrust into the air. Current solutions have the SLI team meeting with 

teachers and discussing and reiterating launch procedures in detail. Although these messages do 

not have to be delivered live it seems to make new launchers feel better about it and it gives them 

an ability to ask questions. 

2.4.6 High School Classroom Implementation  

 As discussed throughout this chapter, getting the course into high schools and presenting 

the course to high school teachers at PDs has provided us with significant feedback that was 

necessary to creating something worthwhile. We found that teachers were eager to add courses 

like this too their curriculum if they were easy to adopt and fulfilled their physics requirements. 

Making the course easy for teachers to insert into any classroom meant a course that did not 

require more than a Chromebook and basic algebra and physics knowledge. Our team consisted 

of engineers that likely had more resources than these teachers and students during our time in 

school which made us vastly overestimate the abilities of students’ math, science, and computer 

skills. Additionally, most students have not done much hands-on work even by senior year of 

high school and struggle with using power tools which our initial rocket build required. 

 When the course was implemented into the classroom, we tried to use google classroom 

since it is used in the majority of high school classrooms. This turned out to be an issue since 

Classroom restrict who has access to the classroom to those within a school. It was very difficult 

to distribute the course and then monitor student progress without access. We have since moved 

to our own website [5] which allows us more flexibility. This flexibility is now key to our 
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implementation. Again, we want to get the course in as many students’ hands as possible and that 

means that some teachers want to select material that fits into their classroom. This flexibility has 

allowed us to implement into freshman through senior classrooms in high schools. These 

challenges along with the others discussed in this chapter make it clear that a better 

understanding of what the modern high school classroom looks like is necessary, before starting 

to develop a course of this scale.  

Students and teachers that have used the course have said good things and plan on 

participating again. A high school teacher quoted, “Our students, as most students, learn best 

when engaged with hands-on projects. We have incorporated as many real-world data collection 

opportunities as possible into our curriculum, and a rocketry project would take our data 

collection to a whole other level. We serve many bright students who lack the means to take part 

in engineering hobbies outside of the school setting such as model rockets, model cars, or even 

Legos. Being able to supply this type of engineering and science opportunity would help open 

the door to scientific curiosity for so many students who have had limited experiences in this 

area.” A participant, a student in the classroom commented “I really enjoyed the rocketry course 

especially getting to build and launch the rocket. It really helped me to understand the rocket 

better. I even have the rocket hanging on my bedroom wall now.” 

 

2.4.7 College Implementation 

 Since this courses development worked out of UIUC, knowledge of the college 

classroom was much better, and many successful pilots were run with both the original course 

and new course. We believe that there is room for the complex material presented as our original 

course at the college level, but it does not reflect the goals of SLI which include getting new 
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students who would not otherwise be interested in rocketry to become interested. This is why we 

have used the new simpler course during the most recent test run of the course. Although 

students enjoyed the course there was feedback for a bit more complexity. This feedback has led 

us to begin additional material for a more advanced version of our course. This would include a 

python model that includes a numerical integration of drag. We still believe that a simple hands-

on rocket build and launch is sufficient for that advanced course. 

 

2.4.8 Current Course 

 The current iteration of the course is found at 

https://learnrockets.spacelab.web.illinois.edu/course-toc?course=6. A public version of the 

course is available with video content and information on how to implement the course. Links to 

federal grants are also available our website https://spacelab.web.illinois.edu/. 

 

2.5 CONCLUSION 

At the beginning of this chapter four questions were asked about the development of this 

blended rocketry MOOC. First, what are important considerations when developing a MOOC 

with a hands-on project? As will be discussed further in chapter 3, hands-on courses are of great 

benefit to students and if they can be combined with online MOOC content teachers’ jobs can be 

made much easier. Some of the findings from the development of this course are not much 

different than any course. For example, understanding the stakeholders, in this case teachers and 

students is critical to ensure appropriate learning material. This means that early piloting and 

discussion with teachers goes a long way. There are other findings that are more unique to this 

style of course. MOOC videos need to be concise, or students will not maintain interest. The 
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hands-on project must be simple and cost effective yet interesting enough to make it worthwhile 

for the users. 

The second question asked was, what challenges and limitations are added when 

implementing a MOOC in high schools and colleges? Creating an accessible course in rocketry 

is not easy. Most courses on the market involve using software that cannot be used on 

Chromebooks and rockets that are big and expensive. It turns out the biggest limitations are cost 

and ease of implementation. Of course, schools only have so much money and if we want these 

courses in the hands of students who would not otherwise launch rockets users cannot be from 

the richest schools. Throughout this chapter we have outlined ways to make the course easier for 

teachers to implement into the course that require less and less investment of their time and 

effort. It should be noted that these teachers were not in any way unwilling to put in the effort 

needed to use a rocketry course, but our content was just way too difficult, and the logistics were 

impossible for our initial launch. When teachers calculated their opportunity cost, they realized 

they could find other content to get their students almost as excited about science that required 

very little effort in comparison. This is why we decided to simply the course in the way that we 

did.  

The last two questions posed were, what are the benefits of delivering a hands-on experience 

with a MOOC? And does this course encourage students to consider space-related careers? 

These are impossible to answer precisely from the qualitative analysis done in this chapter. The 

next chapter will dive into an educational study that gives quantitative results. There is anecdotal 

evidence that the course has benefited students. Although there did seem a slight reduction of 

engagement from watching weeks of videos, it was clear during the build and launch sessions 

that students immediately regained their interest and curiosity about rocketry to the end of the 
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course. Many students asked about future courses they might take related to what they learned, 

and a notable amount claimed that they had joined because they heard good things from friends 

who had taken it previously. 
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CHAPTER 3: QUANTITATIVE ANALYSIS OF STUDENT KNOWLEDGE AND 

INTEREST IN ROCKETRY AFTER PARTICIPATION IN SPACELABS 

INTRODUCTION TO ROCKETRY COURSE 

 

3.1 INTRODUCTION 

To better understand how well the course described in chapter 2 has done in achieving 

our goals, a study was conducted at UIUC implanting the course and testing its efficacy. The 

goal of the study was to understand how our blended MOOC impacted students in three ways. 

First, did they learn the material? Second, were students who took the course more interested in 

pursuing a career in rocketry or space engineering? Lastly, did aspects of students’ personal 

background impact students learning experience in the course? Additionally, we hoped to 

determine what impact the hands-on kit had on the participants. The study was done on 

undergraduate students not pursuing an aerospace engineering major. As will be described in 

detail throughout the chapter quizzes and surveys were administered throughout the course that 

hope to give insights into the questions posed. 

This study was approved by the Institutional Review Board (IRB) at UIUC and by our 

funder the Department of Defense. Details and approval letter are located in Appendix A. 

 

3.2 LITERATURE REVIEW  

 

3.2.1 Online Coursework in the Classroom 

The course utilized in this study has all its lecture material online structured similar to a 

massive open online course (MOOC) seen on websites like Coursera, EdX, and others. MOOCs, 
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as their name suggests, deliver content to students through online access and are open to anyone, 

but are not necessarily free. The benefits of this model are that students learn by viewing a well-

structured course material, sometimes participating in online discussions, and completing 

assignments and exams [13] without the need of an expert educator in the room. This is a huge 

benefit to teachers who are increasingly overworked due to shortages. According to the National 

Center for Education Statistics [6], 44 percent of public schools in the US reported having a 

teaching vacancy. Providing K-12 teachers with well-structured courses created by experts frees 

them up to focus more on individual students. MOOCs are far from perfect though. Current 

research suggests that in order successful completion of MOOCs necessitates self-organized, 

goal-oriented, and actively engaged learners [14]. Since students do much of the learning at 

home in their own time, keeping them engaged is difficult, especially with longer videos. 

 

3.2.2 Hands-on and Project Based Learning 

Project-based learning (PBL) separates itself from traditional instructional by assigning 

students complex tasks based on challenging questions or problems that involve students in 

design, problem-solving, decision-making, or investigative activities [15]. Although PBL has 

likely been researched in some capacity for over a century, possibly as early as the 1890s [16], it 

is only recently that sufficient research has been conducted to demonstrate its benefits. A review 

of the literature by Thomas in 2000 [15] indicated that there is some evidence that PBL is more 

popular among students and teachers and has positive benefits, for example, increased 

attendance, self-reliance, and improved attitudes towards learning. However, the research on 

learning and achievement was sparse, often not relevant to what teachers were implementing in 

the class according to Thomas. In 2019 Cheng-Huan and Yong-Chi reviewed the literature from 
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1998 to 2017 [17]. Their findings show that there is a clear positive effect on academic 

achievement with the inclusion of PBL when compared to traditional instruction alone. They 

attribute this improvement to increased research and teachers having an easier time accessing 

and implementing findings from this research. This seems to indicate that the disconnect between 

PBL research and the classroom Thomas discusses is no longer present or at least has decreased.    

 

In this course, students build and launch a model rocket but notice that the participation 

in a hands-on activity does not necessarily classify it as PBL although they often occur together. 

Constraining students to a predetermined outcome, building and launching a rocket from 

instructions, leaves them with little room to investigate and develop their own approaches to 

answering the challenging questions posed in the course [18]. This, process according to 

Blumenfeld et. al. [18] is where students construct their knowledge and is therefore critical. 

Baron et al. [13] warns that project-based learning can fall into the trap of “doing for the sake of 

doing” rather than for the sake of learning, which can happen especially if students and teachers 

are not given the required support to implement the material [18]. With these challenges in mind, 

our hands-on activity was developed to follow the PBL model by requiring students to create a 

mathematical model of predicting a model rocket’s apogee at various payload masses by 

calculating what amount of payload mass they should use to achieve a particular apogee. They 

then compare their predictions to actual flight data.   

It is clear that a well-developed PBL course has the potential to increase student learning 

and achievement. So why include the rocket build and launch at all? Teaching students about 

rocketry is not the sole purpose of this course. We want students to get more students interested 

in the topics discussed in the course and leave them with the confidence that they can excel in 
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similar courses and projects. Although building and launching the rocket may not directly 

increase students’ learning it may help increase their interest and self-efficacy. There has been 

some evidence that hands-on experiences, particularly in engineering, have these types of 

positive benefits for students. Aglan and Ali [19] provided engineering students with hands-on 

projects and saw that their motivation to pursue a career in engineering increased. Similar 

findings came from a study by Knight et. al [20]. The research followed undergraduate students 

from freshman year to graduation and saw that freshman that took an optional hands-on project 

course were more likely to still by enrolled in an engineering major than their counterparts who 

did not take the course. 

Because this course is highly structured and mostly online, it is not obvious that it 

possesses the same types of benefits as other hands-on and PBL courses. The study in this paper 

will attempt to determine if this rocketry course is well designed to take advantage of hands-on 

and project-based learning discussed in current literature. There has been some research on these 

types of courses, often called Blended MOOCs. 

 

3.2.3 Blended Learning 

Blended learning is a learning method for combining face-to-face classroom instruction 

with online classes and has been recognized as a valuable approach in education. Blended 

MOOCs, particularly when incorporating hands-on activities, have the potential to optimize the 

educational process by leveraging the strengths of synchronous and asynchronous learning [21]. 

Research indicates that combining online and face-to-face instruction leads to enhanced learning 

outcomes. Further explaining, blended learning also offers flexibility and personalized learning 

experiences, allowing students to progress at their own pace and cater to their individual learning 



37 

 

styles [22]. This integration addresses the limitations of traditional MOOCs by providing 

students with practical application and opportunities for experimentation. Engagement is a key 

challenge in online learning but adding project-based and team-based learning in MOOCs can 

foster interaction, success, and higher completion rates [23]. In the context of aerospace 

engineering, previous studies have found that blended MOOCs had a strong positive impact on 

participation and satisfaction for both students and teachers [24].  

Building upon the positive effects observed in blended MOOCs, it is shown that 

incorporating a hands-on activity alongside online videos has the potential to overcome the 

limitations of traditional MOOCs. By integrating practical application and project-based 

learning, this study aims to enhance not only student engagement but also promote deeper 

understanding of the subject.  Through this comprehensive approach, we aimed to create a course 

that maximizes the benefits of blended learning and minimize the challenges faced by traditional 

MOOCs, ultimately fostering an enhanced and interactive learning experience for students. 

3.3 METHODOLOGY 

 

 

Figure 13: Structure of the educational study conducted  

 The course described in chapter 2 was run over eight weeks at UIUC. Freshman pursuing 

an aerospace engineering degree take an introductory course that is very similar to our course so 

only non-aerospace majors were allowed to participate in the course. Figure 13 outlines how the 
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study was done. Before any part of the course took place, students were assessed through a 

variety of quizzes and surveys. Then after they learned the material, they took the same surveys 

and quizzes. Finally, after completing the entire course, they completed these assessments a third 

and final time. Initially we planned to test a fourth time on knowledge retention eight weeks after 

assessment three, but the response rate was abysmal, so the data was thrown out.  

 

3.3.1 Assessments 

 Three different metrics were examined during this study. First was students’ self-efficacy 

in engineering and rocketry content. This material is not described in this paper but will be 

published by the SLI team in the future. Second was the interest levels of students throughout the 

course. Lastly, we measured what students learned. Topic interest survey questions were derived 

from the 2006 Program for International Student Assessment’s (PISA) periodic testing program 

on student performance [25]. At the time, PISA was interested in understanding students’ interest 

in science since there was a decline in students studying STEM in college [26]. Questions from 

this interest assessment was well thought out and field tested to ensure they were appropriate and 

the applicable to understanding students interest [27]. The survey required minor adjustments to 

fit this course. All assessment material is located in Appendix B. 

 No special quizzes were made for the study since quizzes were already developed 

alongside the course. These four quizzes were used to determine if students had learned the 

material and when. Notice that there are five sections of content, but only four quizzes. The 

Introduction and the Rocket Hardware sections are the shortest and were combined into a single 

quiz. As indicated in Figure 13, there were quizzes given before and after the online content was 

learned. Unlike the interest and self-efficacy surveys the quizzes for assessment 1 and two were 
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given the week before and the week after learning the material. For example, during week 1 the 

interest and self-efficacy questionnaire were assigned but only quiz 1, for Introduction and 

Rocket hardware was given. Then after learning rocket hardware the quiz was assigned again 

alongside the Fundamentals of rocketry quiz. This continued until after analysis during week 6, 

where the analysis quiz was assigned along with the interest and self-efficacy surveys. The 

reasoning for this was that we did not want the time elapsed since learning the material to impact 

the data. This source of error was unavoidable for assessment three since the course ended during 

the eighth week of the semester meaning we had to give the final assessments. 

Before students began the course they were surveyed on their demographics, previous 

experience in rocketry, and were asked to take a quiz on their learning styles. This data allowed 

us to determine if students’ background had an impact on their learning or interest in the course. 

 

3.3.2 Data Analysis 

 After the data was collected means and standard deviations from each assessment were 

compared. This data was also broken up by students’ previous experience in rocketry and their 

demographic data. To determine the significance of each of these changes, a paired t-test was 

performed. Since we hypothesize that the course provides a positive impact on students’ 

performance and interest, the alternate hypothesis of the difference in the means greater than 

zero was used. If this value was less than 0.05 it was deemed a significant increase. This of 

course cannot be said for our entire target population. This group was a volunteer sample of 

mostly engineering students which is clearly not a probability sample of the audience we hope to 

reach. It does though provide a starting point and could motivate future more rigorous studies to 

verify the results. 
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3.4 RESULTS  

 

3.4.1 Sample Group 

 Sample group data is displayed in Table 4. Thirty-two students who took the course 

decided to participate in the study. These students were mostly engineers and other STEM 

majors with one business major. 87.5 percent of the students were freshman and sophomores, 

which was closest to the target audience. Juniors and seniors were still allowed to take the 

course. Although the course might be easier for them with their mathematics background, they 

were not aerospace students, so there was still a chance that they could be captivated by new 

material. We would have liked to have more females take part in the course, but the numbers 

here do represent the demographics of STEM students. According to the National Center for 

Educational Statistics, 62 percent of bachelor’s degrees in engineering were given to males in the 

2020-2021 [28]. With the STEMP umbrella there were a wide variety of majors. Students came 

from ten different colleges with one undeclared student. Table 4, displays only what college 

students came from, but within some of these colleges were multiple majors.  

 Students too the Felder-Silverman Index of Learning styles assessment to determine what 

group they fell under. The values in Table 4 only show the binary learning style selection for 

simplicity, but this assessment does give students a value from one to eleven indicating how 

much of that learning style they are determined to have through this assessment. 

 Throughout this section the legend in Figure 14 is used in all figures. 

 
Figure 14: Legend for figures in results section 
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Table 4: Smaple group information and demographics 
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3.4.2 Technical Knowledge Results 

Table 5, Table 6, Table 7, and Table 8 include the complete set of data presented in the 

figures from this section. P-values for the changes in means are not written explicitly, but the 

change is indicated with one star if the value is below 0.05. Additional stars are added if the p-

value is below 0.01 and 0.001. Table 9 takes the average of all four quizzes, essentially giving 

students a course grade, excluding the hands-on project grades. All these hands-on projects and 

reports along with it were completed and all thirty-two students received perfect scores for their 

projects. 

 
Figure 15: Average student quiz scores at each point in the course 

 For the first three quizzes students baseline scores, assessment 1 in Figure 13, were very 

low allowing for a lot of room for improvement. By assessment 2, which was taken after learning 

material in each section, students’ scores had increased significantly in each of these three 

instances. The analysis quiz did not follow this trend likely because the score in assessment one 
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was so high. It is believed that much of the material in the analysis quiz was learned though the 

first four units, although not explicitly taught. Although the analysis section saw a dip each time 

the scores remained high, and the drops were not significant. Overall students’ assessment 3 

scores were higher than assessment one meaning that students did learn the material. The drops 

in scores from assessment 2 to assessment 3 are believed to be due to the time between learning 

the material and taking the quiz. It is not believed that the hands-on part of the course caused 

students to develop misconceptions about the physics or mathematics of rocketry. 

 
Figure 16: Overall scores divided by gender 

 The overall trend seen in Figure 15 seems to be independent of any background and 

demographics information of the sample. The trend being an increase in scores for from 

assessment 1 to 2, then a decrease from 2 to 3 with three remaining higher than 1. What was 

different for different groups of students was the values of these scores. Figure 16. Seems to 

indicate that male students entered and finished the course with higher knowledge in rocketry 

than female students. This is something to consider when teaching this course, but since the 
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sample sizes are low, we cannot say for sure that this will hold up for the population. The same 

can be said for the data presented in Figure 17 and Figure 18. Figure 17 displays the scores of 

students that indicated they had previous experience in rocketry compared to those that did not. 

This is exactly what is expected, students who had experience started higher and retained their 

knowledge better than those who came in without experience. Figure 18 break down scores by 

learning styles.  In each case the students had a significant increase in scores from assessment 1 

to assessment 2 and from assessment 1 to assessment three. The differences between each of 

these learning styles is minimal and does not seem to have much impact on whether they learn 

the material or do not or whether they retain the material weeks after completing the lectures and 

after the hands-on project is completed.   

 
Figure 17: Overall scores divided by experience in rocketry. 
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Figure 18: Overall scores divided by students learning styles. 
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Table 5: Rocket Hardware quiz data 
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Table 6: Fundamentals of Rocketry quiz data 
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Table 7: Modeling Rocket Mechanics quiz data 
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Table 8: Analysis quiz data 
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Table 9: Overall course score data 
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3.4.3 Student Interest Results 

 Unlike the technical knowledge section, students’ interest in rocketry and space increased 

after each assessment. The survey, shown in Appendix B was broken into rocketry and space 

related interest questions. Figure 19 shows these scores after each of the assessments and the 

increases seem to be very minimal, but the increases are in fact significant when performing a 

paired t-test. As seen in Table 11, overall scores in both were deemed to be significantly 

increasing after assessment 2 and 3. Figure 1Table 10 gives more insight into how students 

interest scores changed. A higher Likert score here indicates more interest. Since the Likert scale 

maxed out a five there was not much room for improvement for students starting at four, but we 

can see the there is clearly a decrease in the number of students selecting ones, twos, and threes, 

with an increase in fours and fives. 

 

 

Figure 19: Overall interest scores by topic 
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Table 10: Percentage of Likert scale selections for each assessment 

 

 

 The same increases happened across the board no matter what students initial experience 

or demographics. Looking Table 11, again there a decrease in interest occurs between 

assessment two and three for third year students, but with such a small sample likely does not 

represent the population. One interesting trend that appeared when comparing students who did 

not have experience coming into those who did. Students with experience started out with a 

higher amount of interest in rocketry and space but by the end of the course the students without 

experience had nearly matched their counterparts in terms of interest. 

 
Figure 20: Interest of students with and without previous experience in rocketry 
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Table 11: Interest assessment data 
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3.5 CONCLUSION 

The data collected form this study clearly shows that this group of students benefited 

from the intervention that was this course. Their interest in rocketry increased at each point in the 

course and their overall knowledge of rocketry from the beginning to the end of the course 

increased. The goal of this course was to do just this, but we also want to reach students outside 

of the population tested. The significant increases shown are for a population of university 

students that volunteered for a rocketry course. Our goal is to get this course in the hands of 

students who might not volunteer for this course and inspire them towards a career in the space 

industry. Based on the data collected there is no reason to suggest that the same benefits could 

not be achieved for this larger population and future studies should be done to verify the impact 

of this course and similar ones. The team at SLI hopes to do this and will be putting the course 

into he hands of many more students over the next few years. Will these students pivot to a 

career in aerospace? Right now, it is impossible to know, but so far, the evidence has suggested 

that at least a few will give the space industry a shot. 
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APPENDIX A: PROTECTION OF RESEARCH SUBJECTS 

A.1 APPROVAL FROM UNIVERSITY OF ILLINOIS INSTITUTIONAL REVIEW BOARD 

 



58 

 

 



59 

 

A.2 APPROVAL FROM THE U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT 

COMMAND, OFFICE OF HUMAN AND ANIMAL RESEARCH OVERSIGHT, OFFICE OF 

HUMAN RESEARCH OVERSIGHT  
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