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Executive Summary - Group 4 - FIRST
Current FIRST

programs have large, male-dominated teams with projects that require substantial
amounts of time, money, space, equipment and mentorship. While these programs successfully
encourage participants to pursue STEM, a minority of these participants are female. Literature
about gender disparity in STEM explains this phenomenon, citing reasons such as the
competitive nature of academic STEM programs and the frequent placement of girls into
managerial roles during group projects1 . FIRST seeks a cost-effective program (<$1000) that is
attractive and accessible to women, encourages creativity, and supports future involvement in
STEM.
 FIRST tasked us to create an innovative, pilot ready program during ENGS 89/90. We
will provide
 FIRST with all materials necessary to run, test, and market the program. This
includes: a parts and cost breakdown for the program kit, instructional materials, a guide for
program supervisors, a marketing plan, a document explaining all vital decisions made by the
team, and an explanation of which courses we would pursue if we had six more months.
At the beginning of ENGS 90, we finalized several electrical and mechanical decisions. The
program’s animal robot is built from a Tetrix base with an Arduino Uno platform and
Snap4Arduino software (a picture-based programming language).
Our program, FIRST Animal League (FAL), revolves around the theme of learning how animals
interact with their environment (i.e. migration) through the creation of an animal robot. The
program costs $525 for an average team size of 4, or $131 per person. This represents an 84%
cost reduction by team, and a 69% cost reduction by individual,
from the FIRST Tech Challenge

(FTC). The program spans six sessions of 1.5 hours each. The program teaches two core
concepts: technical skills and team building skills. In the first session, students research and
select an animal to create. In the second session, they assemble the animal robot. In the third and
fourth session, they learn picture-based coding and apply their skills to make the robot animal
interact with its environment. Finally, in sessions five and six they use customization materials to
make their animal robot look as realistic as possible and present it to other groups via online
video sharing. Additional features include a rotating weekly leader, complete instructional
materials, and high school and college mentors to assist the teams.
Throughout ENGS 90 we tested the program with ~50 middle school students in Hartford, Lyme,
and Crossroads. We surveyed the students each week, observed their progress, and listened
closely to their feedback. Staggered weekly testing allowed us to iterate on the program between
sessions. To gauge our program’s effectiveness at recruiting females, we sent comparative flyers
to 507 middle school students, presenting our program and the current FTC program. Two-thirds
of females preferred FAL over the FTC program. A 95% confidence interval demonstrated that
female students will prefer FAL to FTC 59.46% to 72.02% of the time. Thus, we conclude
ENGS 90 with excitement
 to share our work with FIRST and hope for the future of our program
as FIRST moves it into the pilot stage.
Leaper, C., Farkas, T. & Brown, C.S. J Youth Adolescence (2012) 41: 268.
doi:10.1007/s10964-011-9693-z.

1

Contents
1 Introduction
1.1 Program Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1
2

2 Methodology of Approach

3

3 Deliverables
3.1 Robotic Kit . . . . . . . . . . . . . .
3.2 FIRST Guides . . . . . . . . . . . .
3.2.1 Marketing Materials . . . . .
3.2.2 Decisions Documentation . .
3.3 Supervisor Guide . . . . . . . . . . .
3.4 Participant Guides . . . . . . . . . .
3.4.1 Worksheets . . . . . . . . . .
3.4.2 Assembly and Coding Guides
3.4.3 Screencasts . . . . . . . . . .
3.5 Risk Management . . . . . . . . . .
3.5.1 Quantification of Results . .
3.5.2 Other Risks . . . . . . . . . .

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.

7
8
8
8
9
9
9
10
10
10
11
11
11

4 Economic Analysis
4.1 Customer . . . . . . . . . .
4.2 User . . . . . . . . . . . . .
4.3 Market Size . . . . . . . . .
4.4 Program Costs . . . . . . .
4.5 Scaling Implications . . . .
4.6 Suppliers and Partnerships

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

12
12
12
12
12
13
14

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

5 Recommendations for Future Work
14
5.1 Program Improvement Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
5.2 Quantify the Success of the Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
6 Bibliography
Appendix A Requirements

16
i

Appendix B Robotic Kit Picture

iii

Appendix C Program Survey Results

iv

Appendix D Program Testing Flyer
Appendix E Web of Methodology Decisions

v
vi

Appendix F Testing Survey Results

vii

Appendix G Statistical Analysis

xii

Appendix H Program Description

xiii

Appendix I

xvi

Program Preference Testing Results

Appendix J Alternative Matrices for Mechanical Decisions

xvii

Appendix K Alternative Matrices for Coding Software and Motor Power Source
Appendix L Economic Appendix
L.1 Kit Composition - Parallax Model . .
L.2 Program Price - Parallax Model . . . .
L.3 Kit Composition - Breadboard Model
L.4 Program Price - Breadboard Model . .
L.5 Bulk Pricing Estimate Equation . . .
L.6 Bulk Pricing Calculations . . . . . . .

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

xviii

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

xix
xix
xix
xix
xx
xx
xxi

Appendix M Decision Document

xxii

Appendix N Marketing Materials

xliii

Appendix O Participant Guides

lxiii

Appendix P Supervisor Guide

ccxxxiii

1. Introduction
FIRST (For Inspiration and Recognition of Science and Technology) has determined that
its current STEM programs are neither universally accessible nor demographically representative of national student populations. In particular, FIRST faces low participation among
female and lower income students. This discrepancy is not unique to FIRST programs the university graduation rate of women in STEM fields continues to significantly lag that
of men, despite both boys and girls showing equal potential in early years of math and
science [1]. Often-cited reasons for this discrepancy include the lack of female role models,
the competitive nature of the field, the lack of STEM-related confidence in girls, and the
frequent placement of girls into stereotypical gendered roles during group projects [2]. Additionally, current STEM programs typically neglect the creative component of engineering,
while our research shows that middle school girls find creativity to be an attractive and
relatable project component.
Unfortunately, current FIRST programs require substantial amounts of time, money, space,
equipment, and mentorship. These programs are successful in encouraging participants to
pursue STEM beyond the program - participants are twice as likely to major in science or
engineering [3]. However, the teams are not demographically representative of the country
at large. To address this, FIRST asked a Dartmouth ENGS 89/90 team to develop a
cost-e↵ective “pre-pilot” program that is attractive and accessible to females. The program
described in this document is driven directly by customer input, and aims to address the
disproportionately low female participation in FIRST programs.
The primary objective throughout ENGS 89/90 was to create and roll out a “pre-pilot”
program, backed by testing and supplemented with a marketing plan. Specifically, FIRST
requested several deliverables. This included materials to physically run the program (i.e.
a robotic kit, instructional materials, worksheets for each session, and supervisor guides),
a marketing plan, a guide documenting our decision-making process, and a description of
avenues to pursue if we had six more months (see Section 3 for increased detail).
Our program requirements were established after researching female involvement in STEM,
discussing the program with our sponsor, and collecting feedback from our customer group.
The main requirements are based on current statistics on the FIRST Tech Challenge program
(FTC), and include: increased female interest, reduced participation cost, reduced time
commitment for students, and small group size. We quantified these requirements in a few
ways. To approximate female interest, we distributed a relative interest survey that compared
our program and the FTC (see Section 2, Methodology, for further detail). A lower program
cost was easier to quantify, and essential to obtain. Our sponsor requested a revised program
with a price less than $1000 per team to increase financial accessibility. Our final program
costs $525, an 84% reduction from the current FTC cost. Furthermore, we aimed to keep
the time commitment for students below two hours a week. We were concerned a longer
program would struggle to either compete with other long-term extracurricular activities or
1

fit into an in-school curriculum. In addition, we decreased group size to no more than four
students, as a smaller group better enables each student to engage, lead, and collaborate. We
also changed the traditional FIRST competitive culminating experience into a cooperative
exercise, as research shows girls are more likely to embrace cooperation than competition[4].
Other requirements include diversified skill building and a reduced adult time commitment,
all of which are explained in the Requirements Table in Appendix A.
1.1

Program Description

Our final program consists of six sessions aimed at teaching 21st century work-life skills
through robotics. The program is an accessible introduction to STEM concepts either inside
or outside of the traditional classroom. Teams of four students will research a problem, plan,
assemble a robot, code using an age-adjusted, user-friendly programming platform, hone
creative design skills by customizing their bots, and present an animal robot. The program
focuses on teaching introductory technical, problem-solving, and team-building skills. It is
based on the theme of animals interacting with their environment (i.e. through migration).
We chose this theme after survey results of middle school students (further discussed in
Methodology) showed that out of eight options, students were most eager to pursue the
animal themed-program (see Appendix C). The environmental component also ties social
impact into the program - research shows that girls are more interested in careers that relate
to social involvement and artistic pursuits [5]. To fit this theme, the working title for the
program is FIRST Animal League.
This program can be structured in a variety of ways. Each sessions lasts roughly 90 minutes
and can be further divided or combined if necessary. For example, the program could run
after school one day a week for six weeks. Alternatively, the program could run over the
course of one weekend. Perhaps the best option is to integrate the program into a schools’
curriculum. Although the sessions may need to be further divided, in-school implementation
has unique advantages. First, it circumvents the challenge of recruiting girls to the program,
as classrooms generally have a roughly equal gender breakdown. Second, this decreases
the difficulty of recruiting a knowledgeable supervisor. STEM teachers could supervise the
program themselves, treating the sessions similarly to standard lessons. While the program
may meet more success when implemented in-school, the flexibility in the program allows
for students and supervisors to participate in a way that best suits their schedules.
Each session has a di↵erent target (Figure 1). The first session focuses on research and
planning. The second session is mechanical assembly. The third and fourth sessions consist
of electrical assembly and coding the robot. In the last two sessions, students will creatively
design the animal robot and present it. Each student will have the opportunity to serve as
a group leader to ensure the team stays on track, promote the development of leadership
skills, and stop the monopolization of work by only one student. Session descriptions are
visible below. Refer to Appendix H for a more extensive description.
Students will be equipped with the tools to complete the program with minimal adult as2

Figure 1: FIRST Animal League Session Descriptions

sistance. They are led by complete instruction guides and supplementary materials. Should
the students require help, there will ideally be two volunteers to assist them, a mentor and a
supervisor. Each group of teams will have a high school or college mentor who can help work
through technical challenges that the middle school students could face. While this volunteer
will serve to assist the students on program-specific questions, the supervisor role will be
responsible for scheduling team meetings, communicating with parents, reserving space to
run the program, and serving as the logistical coordinator. The supervisor should be an
adult, potentially a parent or school teacher. However, this position does not require any
STEM background. They will be equipped with a guide to help them promote proper team
dynamics, and will oversee the sessions to ensure students are safe, behaving, and integrated
into their teams. The two volunteers will work together to run the program successfully and
ensure that the students learn e↵ectively and expand their skillsets.
2. Methodology of Approach
Throughout ENGS 89/90, our design development process has included primary research,
secondary research, focus groups, preliminary user testing, and a full “pre-pilot” program.
For a chronological web of the decisions methodology, refer to Appendix E.
To better understand our target segment for the program and to select a program theme,
we held a focus group for middle school students. This session provided insights into the
types of issues and STEM aspects that girls are most excited about. Using project ideas
inspired by the brainstorming sessions, we designed a survey and sent it to a diverse range
of 49 middle school students and their parents, asking them to rate and rank each project
idea. Prioritizing the feedback of female middle school respondents, we decided to pursue
the animal robot concept (see Appendix C for survey data).
In order to frame our project requirements and decisions around our sponsor’s needs, we also
deployed a survey to 29 middle school educators and parents to gauge their opinions about
STEM, female participation in STEM, and current STEM programs. Through this survey,
we gained insight on how we could increase female excitement about STEM, and what the
acceptable time commitments and costs for a new program may be. Key findings included
that a lack of available mentors, large time commitments, and poor group dynamics were
the most common issues with current STEM programs. Additionally, willingness to pay
for parents and educators fell between $100-$300 per student. Through a combination of
research, testing, observation, and comparison with alternatives, we proceeded to flesh out
3

program structure details, as well as the robot type, hardware and software.
The mechanical decisions began with determining whether to use a state-of-the-art (SOA)
robot or design our own. We used two SOA robots, Makeblock’s mBot and the Parallax
Board of Education (BOE) car in our preliminary user testing and design development.
Although we considered deploying one of these robots for our program, several factors dissuaded us. For both robots, we did not feel that the assembly process was complex enough
for the teams to derive significant educational benefit or develop engineering skills. Furthermore, FIRST was heavily reluctant to consider a partnership with a company like Parallax
or Makeblock. As such, we decided to pursue our own custom robot.
To begin our custom design, we focused on the makeup of the robot’s chassis. The three
leading options were Tetrix (structural aluminum pieces with a trademarked hole pattern),
sheet-metal forming, and laser-cut acrylic. After weighing the options, we selected and
designed a Tetrix chassis, as it is the most robust option (an essential trait given the frequency
with which students dropped the bot during testing), and is supplied by Pitsco, the supplier
of other FIRST program kits. The benefits of purchasing reliable parts from a familiar
supplier outweigh the con of higher pricing, particularly when the other two options would
involve outsourcing to manufacturers.
The next important mechanical decision involved the three-wheel layout of the robot (i.e.
two driven wheels and a back caster for precise turning). For the driven wheels, our leading
options were Parallax wheels, Tetrix gears, or injection molding a custom design. The
Parallax wheels have identical functionality to Tetrix gears at a drastically lower price, and
are compatible with Parallax servo motors, which our testing proved to be the most reliable.
Although an injection-molded, Parallax servo-compatible wheel would likely be the cheapest
option, albeit after the initial cost of the mold, the cost decrease was not significant enough to
justify the difficulty of creating a mold and finding a trusted manufacturer. Thus, we selected
the Parallax wheels and Parallax continuous servo motors to provide in the kit. With regards
to the caster, we recommended the Makeblocks Omnidirectional Wheel because it is robust,
cheap, available for independent purchase, and compatible with the Tetrix hole pattern.
The last pivotal mechanical design decision involved the electronic casing that would allow for
creative customization. There were no “o↵-the-shelf” options to pursue, so our options were
an elevated Tetrix “roof” design or an injection-molded casing. We were reluctant to suggest
injection molding the casing due to the high initial costs of molds and required manufacturer
relationship. The mechanical explanation of decisions can be found in Appendix M and the
decision matrices can be found in Appendix J.
To operate the robot, we needed to choose a coding platform and electronic hardware.
After researching potential options, examining SOA robots, and completing preliminary
user testing, we settled on the Arduino Uno board. Arduinos are a common, low cost,
hobbyist microcontroller with many compatible accessories. We also considered a Raspberry

4

Pi platform, but this option proved doubly expensive and has more advanced capabilities
than our project requires. Additionally, the plug-and-play nature of the Arduino-compatible
Grove Shield and sensors made the Arduino Uno a more appealing option.
The next consideration was the software platform that would allow the students to learn to
code e↵ectively. We focused on two paths after selecting Arduino: a picture-based coding
platform called Snap4Arduino and Arduino coding. We wanted the programming portion
of the program to be accessible to children without coding experience, be easy to learn in
a short period of time, and minimize required troubleshooting (i.e. fixing syntax errors).
A picture-based coding platform circumvents many of the frustrating aspects of coding and
allows students to focus on the problem-solving skills that lie underneath learning to code.
To ensure that our intuition was correct, we brought interactive activities for each of these
programming styles to the Montshire Museum of Science. Children interacted more positively and worked more independently with Snap4Ardiuno compared to Arduino code. From
these observations, we decided to move forward with implementation of the Snap4Arduino
platform. Refer to Appendix K for an alternatives matrix outlining this decision.
Next, we determined the most e↵ective way to use continuous rotation servo motors to move
the robot, which require an external power source. We considered both breadboarding and
using the Parallax motor shield. We tested both options with middle school teams, and found
both were feasible. Despite increasing the cost of the kit by $30, the Parallax shield simplifies
the electronics assembly process, leaving more time for programming, which is instrumental.
Breadboarding creates opportunity for mis-wiring that could cause the robot to be damaged.
FIRST has concerns about using a proprietary component like the Parallax motor shield, so
we provided a kit breakdown and instructional guides for both the breadboard and motor
shield options, with the recommendation of using the Parallax Shield (see Appendix K).
Initially, we considered running the robot wirelessly. However, the wireless options (Bluetooth or experimental Snap4Arduino transpiler) are not currently appropriate for middle
schoolers. Bluetooth requires complex set up, coding and breadboarding. Watching testing
groups breadboard validated our concerns with this approach. The alternative Snap4Arduino
transpiler converts Snap4Arduino code to traditional Arduino code. However, it is an experimental function and produces many warnings when it compiles. In its current state, we
did not feel comfortable putting forth a program with visible warnings. Due to the evolving
nature of Snap4Arduino, we hope there will be a viable wireless feature in the near future.
We provided a supplementary guide describing how to pursue both wireless options should
a team want to attempt to make their robot wireless (see wireless guide in Appendix O).
We began testing over winter break, running a condensed version of the program with the
Parallax BOE car and Snap4Arduino programming. We tested with two groups: a FIRST
LEGO League team comprised of all girls in Arizona, and a group of middle school students
(two girls and two boys) from a low socioeconomic background in Hawaii. We expanded
testing at the onset of ENGS 90, when we began testing our program at three local middle
5

schools, Hartford Memorial Middle school, Lyme School, and Crossroads Academy. Using
one after-school science program, two science classes, and students from a FIRST LEGO
League team, we tested the program in di↵erent forms with about 50 students (12 teams
of 4-5 students each). Each team went through the first five sessions of our program. An
example of a completed robot is in Figure 2b. Due to time constraints, we felt the final
presentation session for the program was the least critical to test. At the first and last
sessions, we had the students fill out a survey which gauged the students’ interest level in
STEM to see whether or not their interest level in STEM changed.

(a) Robot (Mechanical/Electrical)

(b) Robot (Customized)

Figure 2: Images of two robotic options

For all sessions, there were three teams comprised of a mixture of boys and girls. Each
testing session was roughly one hour (shorter than our target 1.5 hour sessions). The groups
used instructional packets with minimal help from our team or the teacher. During the
sessions, the Dartmouth team and teachers filled out observation sheets that our sponsor
helped design to pinpoint potential areas of success and improvement. Additionally, students
filled out surveys that asked about the level of difficulty and enjoyment of the activity, as
well as general feedback for the session (see Appendix F for survey data).
The data from the post-activity survey data showed that the programming sessions were
the most difficult, but in general, sessions were the right level of difficulty for the students.
Similarly, while the design and assembly sessions were the most enjoyable, the majority of
students reported some level of enjoyment for all the sessions. We were not able to draw a
significant increase or decrease in STEM interest from our STEM interest survey distributed
before and after the program. This may be due to small sample size or a lag before program
e↵ects are realized (see results in Appendix F).
Using this information, we made changes to the programming materials between each session
to make them more understandable and intuitive for the students so that they would be
more engaged and interested throughout the entire activity (Refer to Appendix F for all
post-activity survey graphs). We also used session pain points as inspiration for creating our
“Supervisor Guide,” a packet to help supervisors understand common issues, troubleshoot
them and generally assist them in running the program (see Appendix P).
To further quantify female interest in the program, we distributed a flyer to Vermont, New
6

(b) Level of enjoyment of each session

(a) Level of difficulty of each session

Figure 3: Post-activity survey data

Hampshire, Hawaii, and New York middle schools. The flyer contrasted our program to the
FTC; we worked with Professors Ray and May to ensure that our flyer did not contain bias.
The two programs were displayed with identical formatting and contained the relevant di↵erentiating data and images (see Appendix D). The accompanying survey asked respondents
which program they preferred. It accrued 677 responses, 504 of which were middle school
students. Roughly two-thirds of the female students preferred FAL to FTC; the opposite
was true for male students, of which roughly two-thirds preferred FTC. The graph below
shows the exact breakdown of program preference by gender; a graph including the results
of the adults surveyed is included in Appendix I.

Figure 4: Breakdown of program preference by gender among middle school students

We confirmed the survey results’ statistical significance with a one-sample test of proportions.
Details of the test can be found in Appendix G. The results of the test proved that the survey
responses were statistically significant (p < 0.0001), and that we can be 95% confident that
female students will prefer FAL to FTC between 59.46% and 72.02% of the time.
The survey results confirmed what our team had been observing throughout testing. Female
students enjoyed the program and were eager to build their animal robots from start to
finish. Since FIRST defined program success as any measurable increase in female interest,
and the survey shows girls are twice as interested in FAL as they are in FTC, by these
measures the program has seen immense success in its pre-pilot phase.
3. Deliverables
At the beginning of ENGS 89, we committed to delivering a pilot-ready program by the end
of ENGS 90. Throughout the past two terms, our team has worked with our sponsors to
7

identify the specific documents and physical components necessary to complete this task.
In addition to the physical kit, this included numerous documents for FIRST, program
participants, and supervisors that serve to satisfy or support the initial requirements for the
project (see Appendix A for requirements table and how we met each requirement). Each
deliverable ensures the requirements have been met, and each deliverable has been iterated
on with user testing and client or advisor editing. During our testing, observations and
student feedback showed which aspects of instructional guides were successful, and what
needed attention and revising. For inward-facing documents, such as marketing materials,
our client’s feedback helped steer our editing.
Overall, while some initial assumptions about what would make our program successful held
true, others changed shape as we tested our program against its requirements. Basic elements
of our program – its length, team size, theme – were successful as they were initially conceptualized. Other elements, such as the assembly and coding instructions and the supervisor
structure, required many iterations before they were successful.
3.1

Robotic Kit

The robotic kit includes all necessary parts and tools to build the robot, as well as various
customization materials (See Appendix B for picture of kit).
Deliverable Validation: Before testing the kit with the middle school students, the Dartmouth
team ensured the kits included and described each of the necessary parts for assembly. This
was confirmed by observing middle school teams interacting with the kit during testing. The
kit helped meet several of the requirement specifications, including the low participation cost,
diversified skill building, and small time commitment for students and supervisors.
3.2

FIRST Guides

3.2.1. Marketing Materials
FIRST requested that the Dartmouth team research and identify the best methods to market the newly designed program. FIRST and the Dartmouth team narrowed down the
deliverables in this arena to be comprised of the following five documents.
Full Marketing Plan - This document contains detailed information about how the Dartmouth team would ideally market the program. The document thoroughly explains what we
believe to be the best marketing strategy for the program, including the problem statement,
di↵erent positioning strategies, a product/program description, and steps to move forward
on marketing directives.
Core Messaging Document - The core messaging document can be given to a PR company
and used to pitch the program to the press. It outlines the details of the program and its
key messages.
SWOT Analysis - This document aggregates the Strengths (S), Weaknesses (W), Opportunities (O), and Threats (T) related to the FIRST Animal League program. The Dartmouth
8

team analyzed the new program in the context of other FIRST programs, as well as against
general STEM program o↵erings. This document is a quick read of the best features of the
program as well as the risks that require attention and mitigation plans.
Website Guide - The website guide is a description of the requirements for this program’s
website. FAL will have its own page on the FIRST website and will act as a marketing tool,
a resource library for program participants, and a platform for teams to share their work
and interact with other teams.
Program Logic Model - The logic model explains the causal relationships between the resources, activities, outputs and outcomes of the program. The document explains the different aspects of the program, how they are related and the impacts that they have on the
goals and objectives of the program.
Deliverable Validation: FIRST requested that we consider how to market this program as a
pilot-ready program and deliver ideas and materials to facilitate designing a marketing plan.
We believe that marketing the program correctly is an essential part of the fundamental goal
of this project: attracting and retaining girls in STEM. The discussed marketing materials
can be found in Appendix N.
3.2.2. Decisions Documentation
Throughout ENGS 89/90, the Dartmouth team had to make a large number of decisions for
the project, ranging from the program’s theme to the coding interface. Since the program
will be iterated on once it is turned over, our team wanted to ensure that FIRST understood
how and why each of these decisions was made. In this deliverable, each decision is given
a description as well as a “rigidity factor.” The rigidity factor explains how easy or difficult
it should be to pursue an alternative decision in future iterations of the program. This
document will help the FIRST team iterate on the program more efficiently, as they can
focus on tweaking the decisions that have the biggest flexibility. For the full explanation of
decisions, refer to Appendix M.
3.3

Supervisor Guide

Throughout testing, the Dartmouth team learned a number of tricks to help the groups
succeed. These suggestions, along with overarching notes about gender breakdown and
team leadership, are aggregated in the supervisor guide, which can be found in Appendix P.
Deliverable Validation: This guide was created to help mentors lead students through each
session - the ideas in it took shape throughout weeks of observation. Notes from the Dartmouth team, Vicki May, and the participating middle school teachers inspired each of the
suggestions laid forth in this guide.
3.4

Participant Guides

Please see Appendix O for all documents in this subsection.
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3.4.1. Worksheets
We chose to include a research and presentation component in our program because many
girls we interviewed at the FIRST Lego League Challenge cited this as their favorite part of
the program. We also included a customization component to introduce younger students to
the oft-overlooked role of design in STEM, and because designing the robot lends uniqueness
to each of the projects. To guide students through the sessions that focus on soft skills (i.e.
research, customization, and presentation), the Dartmouth team created a set of worksheets.
These worksheets help the students learn fundamental concepts about the challenge, make
decisions about their robots, practice drawing and designing, and ultimately take the animal
robot from the seed of an idea to a finished product. This deliverable is especially important
for meeting the diversified skill building specification as it forces the students to use research,
design, and teamwork skills to best understand and present their animals.
Deliverable Validation: Similar to the robotic kit, the worksheets were tested throughout
our “pre-pilot” roll-out. The worksheets were iterated on between testing sessions, and,
while they were successful in leading the students through the activities, we expect them to
continue to change as FIRST continues to build out the research and customization sessions.
3.4.2. Assembly and Coding Guides
In addition to the worksheets, we have also provided detailed assembly and coding guides.
These guides teach the students how to assemble their robots, use basic functions in Snap4Arduino,
and ultimately code their robot to respond to its environment. The guides were ultimately
e↵ective as stand-alone resources to take the students through sessions two, three and four.
Deliverable Validation: To best test these guides, the Dartmouth team was as hands-o↵ as
possible throughout the testing sessions, instead referring students to the trouble-shooting
aspects of the guides. In doing so, the team was able to observe how the guides functioned
as stand-alone resources. While the guides were sufficient for the groups who took the time
to read them, we elected to also provide online screencasts and call-outs in the supervisor
guide to facilitate the assembly and coding sessions. Furthermore, we include code examples
for groups to use if they are struggling to create their own program.
3.4.3. Screencasts
In addition to the coding instructions, we provided video tutorials. The tutorials take students through the programming of four di↵erent animal-based examples. The tutorials are
meant to be watched sequentially, as each gets more and more difficult. The tutorials show
the process of plugging in sensors and motors, as well as screencasts of programming with
Snap4Arduino. Voice-overs describe what the programmer is doing and why.
Deliverable Validation: We decided to provide video tutorials in addition to the written
instructions to accommodate students’ di↵erent learning styles. This will help students who
are visual and auditory learners. It will also serve as another resource students can turn to
if they get stuck using the written instructions.
10

3.5

Risk Management

Due to the nature of this project – its short time frame, its need for rapid testing and iteration, its subjective nature, and associated difficulties with quantification – the Dartmouth
team faced a number of hurdles throughout program development. Without proper risk
management, quick decision making, and frequent consultation with stakeholders, the team
would not have seen the same level of success. While not all challenges could be overcome
in the span of the project, the following explains both the actions the Dartmouth team has
taken to mitigate risks, as well as suggestions the team has to address remaining difficulties.
3.5.1. Quantification of Results
A primary area of difficulty for the group has been quantifying the success of the program (i.e.
measuring future female interest and involvement). While the Dartmouth team was able to
complete a significant amount of in-person testing, we believe the program could benefit from
more extensive testing. The short time frame of the project didn’t allow us to test di↵erent
elements of the program against a control group. Doing so in the future would allow for more
rigorous quantification of success for di↵erent program elements. Furthermore, expanding
testing outside the Upper Valley and the select groups in Arizona and Hawaii would create
a more complete data set for program quantification purposes.
Additionally, our team created the online flyer discussed in methodology. This test was
the best option for short-term risk mitigation. For the long-term, the Dartmouth team has
brainstormed testing metrics for FIRST to employ during pilot testing. These suggestions
include testing the program with a larger, more diverse sample size over a longer period of
time, and quantifying the impacts of group gender variations. These suggestions are further
elaborated upon in the future steps section of this paper. With this future testing, should
the program not perform as well as expected, the decisions document deliverable can guide
FIRST as they tweak and retest the program.
3.5.2. Other Risks
While quantification was the biggest hurdle we had to overcome, there are a number of
smaller challenges the Dartmouth team faced throughout ENGS 89/90, as well as future
threats to the program’s success. Addressed risks include securing testing groups across three
middle schools, adjusting testing plans as February break and snow days interfered with the
predetermined schedule, assessing options for non-proprietary hardware and software, and,
of course, working with and supervising groups of middle school students. These risks could
not have been mitigated without the help of Vicki May, who connected us with the testing
group supervisors, Jason Dahlstrom, who assisted with electronics decisions, and the teachers
and administrators at local middle schools.
Regarding technical risks, the coding platform, Snap4Arduino, is in a period of rapid growth
and change, meaning directions that are sufficient today may need to be adapated for future
sessions. We believe this is more of an advantage than a risk, as new developments will
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create new possibilities for future program roll-outs. FIRST will need to stay up-to-date on
major platform changes in the foreseeable future. Additionally, depending on the ultimate
marketing strategy, the program faces the risk of being perceived as either too difficult or
too easy. Marketing e↵orts will have to straddle the line of portraying a program that is
accessible, yet engaging, educational, and fun.
4. Economic Analysis
4.1

Customer

Our program’s customer includes schools, teachers, students, and community members who
could sponsor or participate in FAL. Because students lack the autonomy to create a team,
FIRST will need to convince school administrators, teachers, and parents to buy into the
program as much as the children themselves. Fundraising plays a significant role in covering
the cost of current FIRST programs, and will play the same role in the new program.
4.2

User

The user will vary from the customer in that the students participating in the program
will often not be the ones sponsoring it. The user will be middle school students (sixth
to eighth graders), with demographic characteristics representing the characteristics of the
given community (e.g. school, after school club, youth organization, etc.)
4.3

Market Size

The FTC currently recruits a small percentage of the 25.5 million middle and high school
students in the U.S. Additionally, whereas half of the total U.S. student population relies on
free or reduced lunches, a far smaller percentage FIRST students have subsidized meals. By
creating a new program that is lower cost and more accessible, we will gain access to a number
of underserved schools and communities. Because our program will target a narrower age
range than the FTC program, we expect 12.75 million eligible students as the upper-bound
for participation (assuming an unrealistic 100% participation).1
4.4

Program Costs

Cost minimization was a main driver for our program development. Our sponsor requested
that the program cost under $1000 per team. Estimated costs for a current FTC team
are $3,370 per team, with 8 members on the average team. Thus, the average price per
participant is $421, which is funded through personal spending and outside sponsorship.
This is over half of the $629 the average middle school parent spends on after school extracurricular activities every year [7]. Costs of our program fall into four categories: kit,
registration, culminating experience and team spirit.
If our program garners the same number of total participants as the FTC, then the cost of
our program is $525. This is $131 per team member for a four person team, representing an
1

Exact FIRST participation numbers omitted due to sponsor confidentiality
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84% cost reduction by team, and a 69% cost reduction by individual. (see below for a bulk
pricing analysis). The majority of the new program cost comes from the kit itself. Electronic components comprise $115. Mechanical components cost $91. Decorative materials
contribute $18 (see Appendix L.1). We estimate assembly of the kit will cost 5% of the cost
of kit materials. This creates a kit cost of $235, a large reduction from the current FTC kit
cost 2 .
A second portion of program costs go toward registration. These fees fund the overhead and
personnel costs of FIRST. Our registration fee is $140. This is a reduction from the FTC fee,
calculated by comparing our team size and personnel requirements with the FTC program.
In the current FTC program, regional teams compete in-person against other teams to demo
their robots, adding costs for travel fees. We are allocating a smaller amount ($50) to
culminating experience for the aforementioned online video displays and community-based
exhibitions. Finally, the program contains other miscellaneous costs, such as team spirit
items. Current FTC costs include an allocation for game pieces, extra parts, and team
shirts/spirit items. We expect teams to complete the program using components entirely
from the original kit, so additional game pieces are eliminated. Our teams will be half the
size of a typical FTC team, and thus will only need a $100 of the current team spirit budget
(see Appendix L.2). Additionally, should a supervisor want to run the program multiple
years in a row, they are able to re-use the kit with the exception of the decorative materials.
Additional recurring costs would be the registration fee, exhibition cost, and team spirit
materials.
Note that this cost calculation applies to our kit using the Parallax motor shield to provide
an independent power source to the servo motors. We also calculated the program cost using
a breadboard-based kit instead of the Parallax motor shield. The cost for the breadboard
kit is $218, for a total program cost of $508 (see Appendix L.3 and L.4 for a kit and program
price breakdown).
4.5

Scaling Implications

The current FTC program involved several thousand teams in 2016 3 . If our program garnered the same amount of total participants, that would mean our program requires approximately twice that many kits, as our teams are half the size of a typical FTC team. However,
it is unlikely that our program will garner that much interest in the first year. Thus, we
present a scaled cost analysis: for one team the cost is $635, for 500 teams it is $567, and
for several thousand teams it is $525.
Many vendors did not present prices for these large and varied quantities of items. We
contacted Pitsco, the Tetrix supplier, to request bulk pricing data. For our other main
vendors (i.e. Seeed Studios, Parallax) we plotted the relationship between quantity and
2
3

all exact FTC program costs were omitted to confidentiality
exact number omitted to preserve confidentiality
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discount and fitted a logarithmic trend line to the data. Using the equation, we calculated
the discounts for various quantities of items. Some items (i.e. screws and nuts) did not seem
to follow this trend. Thus, we calculated the cost totals using the largest bulk price available
(1000 items). As these components only cost a few cents, this generalization does not have
a large impact of the total kit price (see Appendix L.5 and L.6).
4.6

Suppliers and Partnerships

We asked our sponsor about the priority of determining explicit supplier, partnership, and
fulfillment center information. FIRST explained that we should not worry about which
suppliers and kit assemblers to work with, and instead focus on designing the most e↵ective
kit possible. However, we have some broad supplier recommendations. The majority of the
parts from our kit come from 4 vendors: Parallax, Pitsco (Tetrix), SeeedStudio (Grove),
and BulkOfficeSupply. Parallax manufactures the motors, motor shield, and battery back.
Grove manufactures the sensors and Grove shield. Pitsco manufactures the majority of metal
mechanical pieces. BulkOfficeSupply sells the decorative supplies. We hope this concentrated
design will minimize the number of vendors with which FIRST must coordinate, and as
previously mentioned, capitalize on FIRST ’s pre-existing relationship with Pitsco. Finally,
our kit is comprised entirely of ”o↵-the-shelf” components, meaning FIRST will not have to
manage manufacturing relationships.
5. Recommendations for Future Work
As part of the deliverables, FIRST requested a document detailing what we would explore if
we had six more months for the project. The first section below describes potential program
improvements. These recommendations are not required to run the program; however, we
they may strengthen the program. These future recommendations should be carried out
by FIRST employees, such as the Research and Evaluation Analysts. They could also be
carried out by another college team. The second section below outlines how to measure
the success of the program during its pilot phase, which is essential for verifying that the
program attracts and retains more girls in STEM. These recommendations should be carried
out by FIRST ’s program evaluation employees.
5.1

Program Improvement Recommendations

Update Research Session with Presentation - Though the students generally enjoyed
the research portion (see Appendix F for session enjoyment graph), we think this session
could be more successful if teams created a short presentation of their initial research. This
would strengthen the connection between the research session and final exhibition, and help
the students derive more value from their research. If we had six more months, we would
design the research session such that the students are required to create a poster or other
presentation document at the end of this session. The document would then be included in
the group’s final video. We believe this change will help focus and drive the research, as well
as tie the sessions together in a more obvious way.
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Integrate Real World STEM Aspects - Program participants may not fully understand
how the skills they learned in the program relate to STEM careers and higher education.
With more time, we would have liked to incorporate new components such as video lectures, question and answer sessions with STEM professionals, or examples of the work of
professional engineers.
Monitor Snap4Arduino- Snap4Arduino is continually undergoing rapid development and
improvement. Over the course of the Dartmouth team’s exploration, improvements to
coding blocks and wireless enhancements were made. We recommend FIRST monitors
Snap4Arduino for updates and adjusts instructional materials accordingly. For example,
improvements to the transpiler could be very valuable in making the animal robot wireless.
Refine Craft Supply Selection - Crafting materials were selected based on discussions
with students and observations of initial animal robot customization. However, we did not
complete a formal analysis to choose the decorative items. Additionally, it may be beneficial
to track how much of each material the pilot teams use to better refine supply quantities.
5.2

Quantify the Success of the Program

Test the Program with a Larger, More Diverse Sample Size - The Dartmouth team
completed “pre-pilot” testing with about 50 students across three schools. Although we
gained valuable insights through this testing, it lacked geographic diversity. Therefore, we
recommend increasing the sample size and diversity of participants during pilot testing.
Additional Testing - Due to the limited size of our testing, we were unable to draw statistically significant data on the impacts of students working in co-ed groups versus all female
groups. From observations during testing, when a single girl worked with all boys, she was
more often isolated from teamwork and decision-making than a boy in the same role. On the
other hand, female participants in groups of two or more girls were almost always engaged
with the material, and the female students often encouraged one another to step into leadership roles. As such, in the Supervisor Guide, we explain why supervisors should be mindful
of isolating girls in group composition. However, we did not believe we had sufficient data
to recommend exclusively female groups. Thus, we recommend that FIRST collects data on
student enjoyment and program impact and evaluates it against group composition.
Integrate into Classrooms - From testing our program at local middle schools, we observed that integrating this program into classrooms is likely the best option for FIRST.
Therefore, we recommend that FIRST looks into ways to integrate this program into current curricula and market it to educators and administrators.
We believe we designed and tested a successful program. The quantity and quality of our
deliverables should make the hand-o↵ of the program straightforward, and the Dartmouth
team is eager to see the program continue to grow in future years.
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A. Requirements
Requirement
Female
Interest

Importance
5

Units
% Females
Highly
Interested in
Project

Ideal Value
>% Female
Surveyees
Highly
Interested in
FTC Project
4 Skills

Diversified
Skill Building

5

Engineering
Skills

Participation
Cost

4

$/group

<$ 500

Adult
Coordinator
Commitment
Mentor Access

3

Hours

<3 hours per
week

3

Troubleshooting
Time

Required
Travel for
Culminating
Experience
Time
Commitment
for Students

2

Minutes

0

5

Hours

<2 hours per
week

Group Size

4

Students per
group

<4

Cooperative
Nature of
Culminating
Experience

3

Y/N

Y

30 minutes

Justification
FIRST aspires to gender parity (will be quantified by relative interest survey between our
program and current FIRST Tech Challenge)

Engineering requires planning, theoretical
thought (e.g. coding logic), hands-on activity,
and creative design; a program that combines
these four skills shows students various sides
of engineering and keeps them engaged
The program must be a↵ordable to a wide
range of communities with the possibility of
communities supporting more than one team
To increase the pool of potential coordinators, supervisor time commitment and necessary background knowledge should be minimal
Aim to minimize troubleshooting time to
prevent participant frustration (see Program
Overview section for specific problem solving
steps)
Requiring travel for the culminating experience limits who can participate in the final exhibition (see Program Overview section for description of possible culminating experiences)
Surveyed students have many extracurricular activities, so limiting the program to a 2
hour commitment per week will enable students with other commitments to participate
Groups need to be small enough that each student can be involved in every activity but large
enough to teach teamwork and collaboration
Research shows that girls prefer to work alongside each other rather than against one another

Table 1: Table of Requirements
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Requirement
Female
Interest

Importance
5

Units
% Females
Highly
Interested in
Project

Ideal Value
>% Female
Surveyees
Highly
Interested in
FTC Project
4 skills

Diversified
Skill Building

5

Engineering
Skills

Participation
Cost

4

$/group

<$ 500

Adult
Coordinator
Commitment
Mentor Access

3

Hours

<3 hours per
week

3

Troubleshooting
Time

Required
Travel for
Culminating
Experience
Time
Commitment
for Students
Group Size

2

Minutes

0

5

Hours

<2 hours per
week

Our program consists of six 90 minute sessions

4

<4

Cooperative
Nature of
Culminating
Experience

3

Students per
group
Y/N

We recommend a group size of 4 students per
team
Rather than a competition, our culminating
experience consists of teams presenting their
animal robot via an online video

30 minutes

Y

Validation
A comparative survey of 504 middle schoolers showed that female students will prefer our
program 59.46%-72.02% of the time (95% confidence interval) when deciding between our
program and the FTC program
Students learn skills like mechanical assembly,
coding, creative design, research, presentation
skills, and teamwork
Our program costs $525 per team, 84% less
than the FTC program.
This is higher
than our original ideal value, but well below
FIRST’s required value
The adult supervisor will have to monitor students for 90 minutes each session. Sessions
will typically take place once a week.
The program will include high school and college student as volunteer ”TAs” to assist with
technical problems during the program for immediate assistance.
Teams will not travel for our culminating experience, as it takes place via an online video
presentation

Table 2: Table of Requirements Validation
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B. Robotic Kit Picture

Figure 5: FAL Robotic Kit

iii

C. Program Survey Results

Figure 6: Student Preference for Various Program Ideas

iv

D. Program Testing Flyer

Figure 7: Flyer advertising the FAL and FLL

v

E. Web of Methodology Decisions

Figure 8: Flow chart of program decisions

vi

F. Testing Survey Results

Figure 9: Overall relative STEM interest level before and after FAL program

Figure 10: Relative STEM interest level before and after FAL program by testing group

vii

Figure 11: Level of difficulty of research session

Figure 12: Level of enjoyment of research session
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Figure 14: Level of difficulty of assembly session

Figure 15: Level of enjoyment of assembly session

Figure 16: Level of difficulty of first programming session

ix

Figure 17: Level of enjoyment of first programming session

Figure 18: Level of difficulty of second programming session

Figure 19: Level of enjoyment of second programming session

x

Figure 20: Level of difficulty of design session

Figure 21: Level of enjoyment of design session

xi

G. Statistical Analysis
To test the success of our program, we surveyed almost 700 people asking for their preference between the FIRST Animal League program and the FTC. Of the 677 respondents,
just over 500 were middle school students (the remainder were parents and educators). Of
the 500 students, 232 were female. 153 of these girls preferred the FAL to the FTC. This
was about 65.95%. To test the significance of these results, we performed a test for one
proportion. The null hypothesis for our statistical test was 50%, meaning the basis of comparison was that if a girl was randomly chosen, there was a 50% chance she would prefer
the FAL program to the FTC program. In this test, we calculate the z-score as well as the
p-value, which represents the significance. The z-score was calculated using the equation in
Figure 22. Po represents our null hypothesis (50%), P represents our results (65.948%), and
n represents our sample size (232 girls). Using these numbers, our z-score is calculated to
be 4.858. From the z-score, we can find the associated p-value using a z-score table.

Figure 22: Z-score Calculation

The p-value represents the probability we would receive our same survey results even if the
null hypothesis (that girls like both programs equally) were true. Our data has a p-score less
than 0.0001. Generally, p-scores below .05 are accepted as statistically significant, so we can
reject the null hypothesis. We also used our calculated z-score to find the 95% confidence
interval. This tells us that we can be 95% confident the true percentage of girls who would
pick FAL over FTC is between 59.46% and 72.02%.
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H. Program Description
The product consists of a six session ( 90 minute per session) program aimed at teaching 21st
century skills with a focus on STEM and robotics. This program is intended to be a new,
approachable, accessible way to introduce middle school students to STEM outside of the
traditional classroom. Teams of four students will research, plan, assemble, code, customize,
and present an animal robot during the course of the program. The cost of the program is
$518 per team.
The program works around the theme of learning how animals interact with their environment (i.e. through migration). The program teaches two core concepts: technical skills and
team-building skills. On a technical level, the participants will research a problem, assemble a robot, learn picture-based programming through an age adjusted, user-friendly coding
platform, and hone creative and artistic design skills. By working in a team, the participants
will learn to work as a unit, solve problems as a group, manage time, lead, and communicate
e↵ectively.
This program can be structured in a variety of ways. It consists of six sessions, each lasting
roughly 90 minutes. These sessions can be divided at the discretion of the supervisor. For
example, the program could run after school one day a week for six weeks. Alternatively, the
program could run over the course of one weekend. In this case, students would complete
the first three sessions (roughly 4.5 hours) on Saturday, and the final three sessions (roughly
4.5 hours) on Sunday. Another option is to run the program during the school day. If classes
only run about an hour each, it may take 6-9 classes to complete the program. The flexibility
in the program allows for more students and supervisors to participate in a way that best
suits their needs and schedules.
As discussed earlier, students will complete six sessions, falling into four main modules. The
first module is a research and planning session. In the second module, students will build
their robots. The third module consists of electrical assembly and coding the robot. Finally,
the last module revolves around creatively designing the animal robot and presenting it.
Module 1 - Research and Planning
Session 1: Students will work through worksheets that teach them about migration, environmentalism, animal habits, and more. Groups will select an animal to create, design, and
present throughout the program. Each team will learn to work together, compromise, and
plan ahead for the rest of the program.
Module 2 - Building the Robot
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Session 2: In the second session, students will follow assembly instructions to use a robotic
kit to build their animal robot base. The session teaches simple assembly skills, following
instructions, working with others toward a common goal, and sharing the workload.
Module 3 - Electronics and Coding
Session 3: In the third session, teams will finish assembling the electrical components of their
robot, and will learn to use a picture-based programming language called Snap4Arduino,
which is publicly available and relatively easy to learn. The students will work through
tutorials and practice programs.
Session 4: In the fourth session, teams will transition from practicing coding examples to
creating their own program to make their animal robot imitate how they want their animal
to migrate.
Module 4 - Creative Design and Presentation
Session 5: In session five, teams will use arts and crafts supplies to transform their robot
into an animal and make it as aesthetically realistic as possible.
Session 6: In session six, teams will create a video showcasing their functional animal robot
and upload it to a website of animal robots from around the globe. In addition to creating
and posting a video of their team and their robot, teams can plan exhibitions at their schools,
local parks, or their local libraries to both present and teach others about their experiences.
Although the primary focus of the program is directed at the student participants, it is
important to note that the volunteers needs were considered throughout the design as well.
For the most part, the students have been equipped with the tools to complete the program
with minimal adult assistance. They will be lead by rigorous instruction guides and supplementary materials at each step along the way.
If the students require help, there will be two people to assist them: a mentor and a supervisor. Each group of teams will have a nearby high school or college mentor who is
technologically competent to work through all technical challenges that the middle school
students face. This volunteer will keep the groups excited and engaged throughout the program. The mentor will be knowledgeable about the robot and coding aspects of the program.
While this volunteer will serve to assist the students on program-specific questions, the supervisor role will be responsible for scheduling team meetings, communicating with parents,
reserving space to run the program, and serving as the logistical coordinator. The supervisor
should be an adult, potentially a parent or school teacher. However, this person does not
require any STEM background. This adult should be cognizant of proper team dynamics
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and available to mitigate and resolve student conflicts. They will oversee the sessions to
ensure students are safe, behaving, and integrated into their teams. These two volunteers
will work together to run the program smoothly and successfully, ensuring that the students
learn e↵ectively and expand their skillsets.
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I. Program Preference Testing Results

Figure 23: Breakdown of program preference between FAL, FTC, and ”None.” This includes parents, educators, and middle schoolers
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J. Alternative Matrices for Mechanical Decisions

Figure 24: Alternatives matrix outlining options for robot chassis

Figure 25: Alternatives matrix outlining options for robot wheels

Figure 26: Alternatives matrix outlining options for electronics casing
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K. Alternative Matrices for Coding Software and Motor Power Source

Figure 27: Alternatives matrix outlining options for programming interface

Figure 28: Alternatives matrix outlining options for independent motor power source
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L. Economic Appendix
L.1

Kit Composition - Parallax Model

Figure 29: Parallax Motor Shield Based Kit Breakdown

L.2

Program Price - Parallax Model

Figure 30: Program Cost Breakdown - Parallax Shield

L.3

Kit Composition - Breadboard Model
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Figure 31: Breadboard Based Kit Breakdown

L.4

Program Price - Breadboard Model

Figure 32: Program Cost Breakdown - Breadboard

L.5

Bulk Pricing Estimate Equation
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Figure 33: Logarithmic Estimate of Bulk Pricing

L.6

Bulk Pricing Calculations

Figure 34: Estimate of % of Original Price by Quantity
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M. Decision Document

Explanation of Decisions
This document explains the large decisions the Dartmouth team made while developing
the new  FIRST program. In addition to explanations of the decisions, a rigidity factor on
a scale of one to five is included. This factor demonstrates how much flexibility the
Dartmouth team believes there is in changing a decision for future iterations of the
program. An explanation of the scores is as follows.
RIGIDITY
FACTOR
1

2

3

4

5

MEANING
While the team needed to come to a decision on this matter to
proceed with program development, reversing this decision at a
later time or altering it to better fit program development should
not have a serious impact on the overall program.
The team came to this decision after much debate—there are
advantages and disadvantages to each of the options and the
right answer isn’t obvious. Changing the recommended option
may have a small impact on the team’s overall ideas for the
program, but could provide important benefits.
There was some debate or discussion in coming to this decision,
but it was ultimately fairly easy to come to a consensus on the
right option. Reversing this decision can be done when necessary,
but the team feels reasonably strongly that the option it has
chosen is the correct one.
There was little discussion needed to decide on this matter. The
team fairly quickly saw the advantages of one option outweighing
the other(s), and does not recommend straying from this decision
unless absolutely necessary.
The team feels exceptionally confident in this decision, and
reversing it may severely impact the overall program, its goals,
and how it aims to achieve them. If at all possible, this decision
should not be reversed for future program iterations.

Very few of the decisions have scores of one or five—there is quite a bit of flexibility for
this program to grow and change over time to better achieve its goals. Further
marketing and recruitment efforts may reveal information that can improve the
program.
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Group Size
Rigidity Factor: 4

There were several factors to balance when considering group size. Research, faculty
guidance, and FIRST Lego League event observation helped us define the advantages
and disadvantages of smaller and larger groups. The advantages of each type are listed
below.

o
o
o
o
o

SMALLER GROUPS
Easier to supervise
All students have greater
opportunity to be involved
All students have greater
opportunity to lead the group
Easier for entire group to collaborate
and make decisions
Less likely for students to get
pigeonholed into specific activities
(e.g. one student always leading
assembly and hands-on aspects,
one student always reading
directions to the team)

LARGER GROUPS
o Cheaper per student (one kit
serves more students)
o Fewer supervisors and
coaches needed

It became clear that smaller groups provided far more unique benefits, and as such we
should design our program for teams that are as small as possible.
This led to the question of just how small a team could be. We didn’t want there to be
only one or two students on a team for two reasons. First, permitting teams of one or
two students would make it much more expensive for a school or community to
sponsor the same number of students, as the kit cost would not decrease for smaller
groups. Second, a crucial part of FIRST programs is teaching teamwork and
cooperation.
This skill is essential in STEM, and many current FIRST program

participants cite teamwork as the most important skill they develop during the program.
Teams of one or two students would not force participants to work as hard to develop
their teamwork and collaboration skills.
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In a team of three students, two students will frequently work well together, isolating the
third student. However, we believe that three student teams could still complete the
program and learn valuable teamwork-based skills. That said, we do believe that teams
of four students will reap the most benefits from the program. The group can split into
pairs for parts of each session, coming back together for final discussions and
assemblies. This would protect the program from becoming too expensive per student,
and help facilitate teamwork and compromising. We recognize that in some cases, the
number of students interested in the program in a given community will not be a factor
of four, making teams of exclusively four students impossible. In this case, we
recommend groups smaller than four when economically possible (for example, if five
students are enrolled, created two teams of two and three students rather than one
team of five). While there are some disadvantages to these smaller teams, they are far
fewer and less severe than the problems that arise with teams of five. In initial testing,
whenever students worked in a team of five, at least one student quickly became
disengaged, often causing problems for the larger group.
Thus, although we believe there is some flexibility in the number of students per team,
we firmly believe that the program will not be successful with teams smaller than two
students or larger than four.
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Rotating Leadership
Rigidity Factor: 4

One of the team’s biggest concerns about the current FIRST programs is that students
can be pigeonholed into certain responsibilities and ultimately not be exposed to all that
the program, and STEM itself, have to offer. For example, an analysis of the survey
results we collected from the FIRST Lego League event showed that girls were more
likely to do project research and poster-making, whereas boys were more likely to
participate in robot assembly and coding (see graph below, N = 55). Furthermore,
observation of the teams at the event showed that boys were often taking the lead of
robot setup, whereas girls would look on from behind. To prevent any one gender, or
student, from monopolizing either leadership of the group or a specific type of work, we
recommend the program includes a rotating leadership element.
During the first week, team members will draw numbers one through four out of a hat.
These numbers correspond to which of the following weeks they will lead the group.
The supervisor will lead the first session, and the team will work together to co-lead the
final session. By randomizing which day each student leads, and requiring each student
to lead once, we can prevent students from monopolizing certain activities or
participating in the group as more of a bystander than a team member.
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Gender of Program
1

Rigidity Factor: 4

Deciding on the gender of the teams was one of the hardest decisions in developing the
program. While all female teams may be more fun for the girls to engage with and
empower them in unique ways, we ultimately realized we needed to have a co-ed
program for three main reasons.
First, since this new program will be shorter with simpler robots than the current FTC
program, we did not want a new female-only program to be viewed as “STEM for girls”
or “baby STEM.” We are trying to fight the stereotype that girls cannot engage with
STEM topics the same way as boys, and making a simpler program that only girls can
participate in seems to counter our goal, and provide a false representation of
real-world group work.
Second, while we quickly decided to focus on increasing female representation in STEM
with the new program, the ultimate goal of designing this program is to make
participation demographics more representative of the overall population. Currently,
FIRST programs fail to adequately engage lower-income students—both male and
female. Creating a more affordable program that is only available to females would then
limit low-income male representation. Thus, by making the new program co-ed, it will
not only increase representation among females, but among underserved males as well.
Third, while a big part of encouraging girls to pursue STEM is showing them they have
the ability and confidence to do so, it is equally important to show their male
counterparts the same thing. Creating a program that has boys and girls working
alongside each other will teach female participants to step up and ask for respect from
male participants while teaching the boys how to cooperate with and respect females in
the STEM field.
However, just because the program is co-ed, the teams do not necessarily need to be
co-ed as well. When possible, we recommend including as many girls on a team as
possible, as this often helps the girls come out of their shells, engage with the program,
and take on leadership positions. By having at least two girls on a team, the participants
can support each other throughout the program while still reaping the rewards of a
co-ed program.
1

Note: this meaning of rigidity factor differs from the usual meaning in that there was
significant discussion that led to the decision (whereas a factor of four typically means little
discussion or debate was needed). This was a very important and difficult decision to make, but
given our testing observations and research we feel that the decision we made is very
important to uphold.
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Theme
Rigidity Factor: 4

After significant research, brainstorming, and consulting with potential users and
advisors, we chose animals and their environments as the theme of the new program.
Within the theme, there are many options for annual challenges: animals migrating for
the winter, avoiding human contact or habitat destruction, moving towards their herds,
etc. We believe this theme provides very fertile ground for the new program for a few
reasons.
First, in interviewing potential users, we observed that almost all middle school
students, and female students especially, love working with and protecting animals.
This will help pique interest in the program and help kids to connect with STEM in the
context of something they already enjoy. It will also hopefully do a better job of drawing
female students to the program—the traditional stereotypes and fears associated with
robotics will be overshadowed by the overarching theme of getting to work on an
animal-based project.
Second, a big reason both females and other underrepresented minorities do not pursue
STEM is that they do not see how science has a social impact and can help solve their
communities’ problems. By introducing the idea of environmental destruction and the
animals’ response to it, we hope to subtly show students how STEM can have important
implications for social issues.
The theme has a rigidity factor of four for a few reasons. First, it took countless hours to
discover and develop a theme that both interested potential users and had social
relevance. The sheer difficulty of finding another theme that would do both of these
things contributes to the importance of keeping the theme animal-centric. Second,
many of the other aspects of the program have been built around this theme. For
example, the program is structured such that teams research their animal the first
session and decorate it the last. Another theme may not require the same research and
decoration components which we think are important to the well-rounded nature of the
program. We also provide example robots for the animal theme, so should the program
theme change, much of the groundwork, examples, and instructional materials would
have to be redone and rebuilt.
If a new theme is desired, it is possible to use some of the resources we have
developed. For example, the new theme could also use the same small robotic bases
and sensors, but with a different purpose and decoration (i.e. smart cars that respond to
their environment). We would caution that a new theme should be tested with potential
users, as ultimately user excitement in the program is what will increase participation
among underrepresented groups, and the theme is a large driver in this excitement.
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Robotic Materials
Rigidity Factor: 3

We designed our initial robot prototypes using the Parallax BOE car and the Makeblock
mBot. These small robotic cars gave us valuable insight into the type of design we were
hoping to capture with our program’s robot. These two state-of-the-art robots have the
following properties:
ar
o
o
o
o

Arduino-based
Compatible with Grove sensors
$180
Uses two continuous rotation servo
motors

o
o
o
o

m ot
Uses proprietary board
(mCore)
Integrated sensors
$100
Uses two DC motors

Although we considered using one of these robots for our program, we were dissuaded
by several factors. For both robots, we did not feel that the assembly process was
complex enough for the teams to derive educational benefit. The physical act of
building is a critical component of engineering (particularly mechanical); as such, we
dedicate an entire session of our program to mechanical assembly. Other than the short
assembly time, mBot also uses a proprietary board, built-in sensors, and a custom
coding interface, so using this bot would require an extensive relationship with the
company Makeblock, something FIRST was reluctant to pursue.
Once deciding to move forward with a “do it yourself” (DIY) approach and away from
state-of-the-art robots, the mechanical decisions can be subdivided into several
categories: chassis, wheels, and casing.
Chassis: The first substantial decision to be made in our robot’s design was the makeup
of the chassis itself. By using the BOE car and mBot as references due to their success
in the youth educational technology market, we were able to determine an approximate
size and shape for our animal robot. There are several ways to produce this chassis; the
three leading methods being Tetrix, sheet-metal forming, and laser-cut acrylic.

xxviii

Tetrix
Pros

Sheet Metal

● Robust
● Cheaper
● Off-the-shelf from trusted ● Robust
supplier
● Value of “building”

Cons ● Fairly expensive

Laser-Cut Acrylic
● Cheaper

● New supplier
● Structurally unreliable
● Complex
● Would make motor
manufacturing
attachment difficult
● New supplier

We selected a Tetrix chassis for several reasons. First, we felt that it was the most
robust and reliable option in case the kids dropped the robot or dealt with it roughly in
any way. During testing, we saw this happen first-hand, which bolstered our confidence
in the Tetrix decision. Furthermore, throughout our design process, we have made a
concerted effort to make FIRST’s job as easy as possible. As such, we decided that the
benefits of purchasing reliable parts from a trusted supplier (Pitsco) would outweigh the
cost of slightly higher pricing, particularly when the other two options would involve
outsourcing to manufacturers. Lastly, consistent with our decision to steer away from
state-of-the-art robots, we believe that the educational value gained from assembling
Tetrix is far above that of assembling the other options.
Wheels:
Much like the chassis decision, our general 3-wheel design was informed by the
successful state-of-the-art for educational technology. BOE car and mBot, along with
most other robots of their kind, were made with two motor-drive wheels and a single
caster to allow for precise turning. With that in mind, we had two separate decisions to
make: one for the two driven wheels and another for the type of caster. For the driven
wheels, our leading options were the Parallax wheels, Tetrix gears, or injection molding
our own design.
Parallax Wheel
Pros
Cons

Tetrix Gear

Injection-Molded Wheel

● Reliable servos ● Pitsco part
● Cheap
● Expensive
● Requires servo horn for
attachment
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● Cheap (in long-term)
● Outsourced
manufacturing

We decided to move forward with the Parallax wheel for several reasons. Among all the
off-the-shelf options, it made far more sense than the Tetrix gear because it provided
the same functionality while available at a drastically lower price. Also, the Parallax
Wheel is compatible with Parallax servos, which were the most reliable motors during
our internal testing and thus the ones we suggest to provide in the kit. Finally, although
an injection-molded wheel that could attach to Parallax servos would likely be the
cheapest option, we felt that the cost decrease in the long term was too small to justify
the difficulty and expensive price point of creating a mold and finding a trusted
manufacturer (especially considering the simple functionality needed from the wheel).
With regards to the caster, we found it to be an obvious decision to use Makeblock’s
Omnidirectional Wheel. It is robust, cheap, available for independent purchase, and
compatible with the Tetrix hole pattern. With all of these boxes checked, we decided to
include this caster in the mechanical kit.
Casing:
Our last main design decision on the mechanical front was the method with which we
would cover the electronics and allow for customization during the animal design
session of the program. Since this aspect of the design is very personalized toward our
project, there were no “off-the-shelf” options to pursue, so our decision fell between a
constructible Tetrix “roof, an injection-molded casing, and a thermoformed shell.
Tetrix “Roof”

Injection-Molded Casing Thermoformed Shell

Pros

● Trusted supplier
● Easily
implementable

● Aesthetically
appealing
● Fully conceals
electronics
● Cheap (long-term)

Cons

● Does not fully cover
● Outsourced
electronics
manufacturing
● Somewhat expensive ● Expensive up-front
cost for mold

● Cheap
● Covers electronics

● Imperfect
tolerance
● Need to cut holes
for sensor outlets

During testing, the kids had a positive reception to the 3D-printed covers we designed in
CAD and provided in the kits. However, we acknowledge that 3D printed parts should
not be used in the long run due to the exorbitantly high cost of material (>$100 per part).
Therefore, the other option for an independently designed cover would be injection
molding. Since injection molding parts is expensive due to the high cost of making the
mold, this option only proves viable after the program numbers have hit a certain scale
(which we do anticipate occurring after a few years).
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However, the Tetrix “roof” allows for the teams to decorate and customize above the
electronics in a sufficient manner. We believe that Tetrix is the cost-effective path for
the time being, and once the program reaches a scale of 1000+ teams, FIRST should
consider the option of injection-molding or thermoforming from an outsourced
manufacturer. Injection-molding or thermoforming a casing has the potential to be the
cost-effective solution in the long term while also enhancing the aesthetics of the
customization process. However, due to FIRST’s reluctance to pursue an outside
manufacturer, we do recommend Tetrix as a primary course.

Figure 1: Robot w/ Casing

Figure 2: Robot w/ Roof
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Program Structure
Rigidity Factor: 3

The program is structured to have six sessions. One of the most frequently cited
problems with the current programs is the time requirement. Students often end up
working on their FIRST Tech Challenge robots for several hours a week over an
extended period of time. Many of the potential users with which we spoke cited a
number of other commitments possibly interfering with their participation in the
program—soccer practice, dance class, religious school, etc. In reducing the time
commitment of the program, we hope to draw in both interested but very busy students,
as well as students who aren’t sure of their interest level and don’t want to commit to a
long, intensive program. We ultimately settled on a six session program, with each
session lasting one and a half hours. These sessions could be completed one day a
week over six weeks, six days in a row, or in one marathon day depending on students’
availability. The sessions are structured as follows.
Session One: Research
In this first meeting, students will read about the yearly challenge and research animals,
their behavior, and how animals relate to the challenge. An example challenge would be
migration. For example, if an animal’s home has become extra hot a little early in the
season due to climate change, the students would research which animals typically
migrate, decide on one specific species to research more closely, and research the
migration route of the species. After this part of the research has been complete, the
team will begin planning what they want the animal to look like and do. We have
designed a worksheet packet that guides the students through the session. We elected
to use a worksheet guided session because this allows the supervisors to be hands off
and uninvolved unless questions or issues arise.
Session Two: Mechanical Assembly
In the second session, the students will construct the base of the robotic animal. This is
also when the rotating leadership will begin. Using step-by-step instructions, they will
assemble the robot.
Session Three: Coding Part One
Teams will finish assembling the electrical components of their robot, and will learn to
use a picture-based programming language called Snap4Arduino, which is publicly
available and relatively easy to learn. The students will work through tutorials and
practice programs. Written instructions, video tutorials, an FAQ page, and a mentor will
help guide them through the process.
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Session Four: Coding Part Two
In the fourth session, teams will transition from practicing coding examples to creating
their own program to make their animal robot act like the real thing and imitate how
their animal behaves. Written instructions will walk them through how to think about
writing a program from scratch and imaging what sensors they will use to make the
animal interact with its environment.
Session Five: Testing and Customizing
Session five will continue the testing and troubleshooting from session four, but will
mostly be centered around designing and customizing the animal to look like their own.
Students will be challenged to make the animal appear life-like using photos for
inspiration. The group will need to test their robot after decorating to ensure the
decorations do not interfere with the sensors and functionality of the robot (e.g. a piece
of black felt can’t cover a light sensor).
Session Six: Presenting
Now that the students have a functioning, decorated robot, it’s time for them to show
off their work! They will make a short video explaining the challenge, detailing why they
picked their specific species, showing the functionality of the robot, and explain how
and why they coded the robot to act and react in this way. Should the robot not work,
the team is encouraged to make a video of guesses—both scientific and silly—for why
the robot didn’t work and what they could have done differently to create a functioning
robot (e.g. there was a lot of background noise so it was hard for the sensor to
distinguish a noise from the background chatter; our bat is going through its teenage
years and doesn’t like responding to its mother’s calls). We want to show that it is
important—and often fun—to fail and learn from these failures. By the end of the
session, they should upload their video to the virtual exhibition site for other groups to
watch and enjoy! After interviewing past FIRST participants, we found that one of their
favorite parts of the program was being able to share their achievements with others.
By making the presentation component of our program online, we allow the groups to
share their work while keeping costs low.
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Mentorship Structure
Rigidity Factor: 4

Current FIRST programs require a coach who can both supervise and assist the team
with assembly and programming. This serves as a hurdle for many communities, but
specifically for underserved communities. Often, it is more difficult for
resource-constrained communities to provide a combination of parents or community
members who have both the time and skills to supervise these teams. To make
mentorship more accessible to all teams, we wish to ensure each team has a
supervising parent or teacher, as well as a high school or college-age student who can
assist with the technological aspects of the program. While we initially also wanted to
provide teams with a virtual mentor that teams could contact with questions, a
discussion with Natalie Turcotte, informed us that FIRST has attempted to implement a
virtual mentorship structure in the past, but it was not utilized in an effective manner.
We furthermore believe that given the number of resources and the simplicity of the
coding program, a high school student will, with some patience, be able to understand
and explain the more confusing parts of the program. Therefore, our final
recommendation for the mentorship structure includes the two core roles of the adult
supervisor and the high school, college volunteer or “TA”.
With this model, we break up mentorship and supervision into two different roles: the
students will continue to need an adult to supervise their work, but this can now be
anyone from a responsible older sister to a grandma, rather than needing to be
someone with STEM knowledge. The STEM mentoring will come from a new source—an
on-site “TA”. The TA will be a high school or college student volunteer who works with
the team and supervisor to troubleshoot technical problems. The TA and supervisor can
help as many or as few teams as desired.
We feel that this mentorship model will increase the accessibility of the program greatly,
and as such we recommend the model is used if at all possible in program roll-out. The
program does not include an intensely complicated technical component. We believe
scientifically- and technologically-inclined high school and college students will be able
to adequately help teams through the hurdles they may encounter.

xxxiv

Exhibition Format
Rigidity Factor: 3

The current FIRST exhibitions have both extreme advantages and disadvantages. Kids
love showing their work off to their friends and family, but competition can be daunting
for female students, and very difficult to organize for parents and coaches. Furthermore,
the travel aspect of the exhibition makes it more difficult for more remote students to
participate, and the extra costs associated with the exhibition (renting the space, buying
team spirit gear, etc.) simply raise the barriers to participating for some participants.
To eliminate the disadvantages associated with the current exhibition structure while
keeping most of the advantages, we restructured the culminating experience to consist
of a few parts.
First, there will be a web page where groups will upload the videos they make during the
final session showing off their group and project. This website will be available to teams
internationally, connecting groups around the world. While it won’t be required for teams
to upload a video, it will be heavily encouraged. Many current FIRST program teams
enjoy the demonstration aspect of the programs. They enjoy the ability to show off the
work that they have done and receive recognition for the time and effort that they have
put into their projects.
Second, teams will be encouraged to reach out to their schools, libraries, and other
community centers to display their animal robots. If a school has a number of teams
participating, the school may consider holding an assembly to show off the work of the
students. These parts of exhibiting the robots will not only be fun for the kids and
provide them the opportunity to show their friends and others what they have learned,
but also act as a marketing tool to draw in other students for future programs.
Third, teams and coaches will be encouraged to set up informal exhibitions following
program completion. For example, a team could set up a day in the local park where
they show off their robot—information about this informal exhibition can be sent to
other teams in the region. This reduces the cost and organizational need of the current
exhibition, while still allowing teams to get together and show off what they’ve made.
There is some flexibility in this exhibition structure, but we believe the balance of
exhibition types will enable many students to participate in some way. The competitive
nature and cost structure of the current program creates inherent inaccessible qualities
of the program for certain individuals. By mitigating the cost and offering teams a range
of how involved their final exhibition is, we expect to increase accessibility for potential
participants.
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Customizing Materials
Rigidity Factor: 3

The customization session is meant to show students that design is as relevant to
engineering as construction or coding. To do so, we wanted to present the students
with enough materials that they can truly customize their robot, but not so much that
they don’t have to think critically about how they want to use their limited resources.
This is in part a monetary constraint, but also a very realistic one that engineers face
regularly. As such, we have decided to provide the students with the following materials
in their kits:
● Felt
● Glue
● Googly eyes
● Pipe cleaners
● Model magic
While we don’t want students to go out and buy extra materials, as this could create a
discrepancy between the quality of robots from teams of different socioeconomic
statuses, we will allow the students to bring extra materials from home or collect those
available at school. In doing this, we hope to inspire the students to think creatively
about how they can customize their robot and how they can use familiar materials in
exciting new ways.
While customizing is an important element of the program, there are many ways in
which it can be done. Should FIRST hope to pursue another method of customization or
a different variety of materials, we believe the customization session can still be
successful.
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Arduino and Snap4Arduino Platform
Rigidity Factor: 4

To operate the robot, we needed a coding and electronics platform. After researching
potential options (see below), examining state of the art robots, and preliminary user
testing, we settled on the Arduino Uno platform. Arduinos are a common hobbyist
microcontroller. Their uses are widespread - everything from operating motors to
controlling sensors. Arduino projects could range from writing code to lower window
shades in the sunlight to turning on a clapper lamp. The Arduino Uno is effective for our
program because it is a low cost option and information about how to use them is
widely accessible.
We also considered a Raspberry Pi platform. However, this is option is about twice as
expensive and has greater capabilities than our project needs, as it is a computer itself
and runs an offshoot of the Linux Operating System. Additionally, the plug and play
nature of the Arduino compatible Grove Shield and sensors made the Arduino Uno a
more appealing option.
From there, we needed a software to allow the groups to code. We had two paths: using
a picture based block coding platform, like Snap4Arduino, or using traditional Arduino
code. We wanted the programming portion of the program to be friendly to children
without coding experience, who may see programming as intimidating. Additionally,
given the short term nature of the program, it is much more difficult to teach Arduino
programming. Traditional Arduino programming requires users to pay attention to
syntax whereas picture based coding blocks do not. Average middle school age
children do not have the troubleshooting skills to address syntax errors. Standard
Arduino coding would be much more difficult to troubleshoot for children as well as
inexperienced mentors. The picture based coding platform will step over issues in this
area and focus on the important skills that coding will teach this children such as logical
problem solving. To ensure that our intuition was correct, we brought interactive
activities for each of these programming styles to the Montshire Children’s Science
Museum. The kids interacted positively and relatively indepedently with Snap4Ardiuno,
while most children were put off by the complexity of the Arduino coding platform and
were unable to understand the basics of how traditional Arduino code communicates
with robots..
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Potential Programming and Software Avenues

xxxviii

Tethered Robot
Rigidity Factor: 3

Our program runs with a tethered robot, meaning for the majority of program
participants, the robot will run attached to the computer via USB cable. Initially, we
anticipated running the robot wirelessly. We pursued two main options but felt that the
current models are not plausible options for the program.
The first was Bluetooth using an HC-06 Bluetooth module (see link below). However,
using a Bluetooth module with an Arduino Uno requires a voltage divider. For students
to create a safe and fully functional voltage divider, they must use a breadboard and
wiring to change the power that the Arduino outputs to the appropriate level for the
bluetooth module to work properly. During preliminary testing, students were capable of
extremely simple breadboarding. However, we feel that the potential penalties like
damaging the equipment or mis-wiring were not worth the current benefits. A Wi-fi
option was recently described on the Snap4Arduino Wiki page (see below), but it too
requires a voltage divider.
The second option was an experimental beta transpiler provided by Snap4Arduino. The
purpose is to automatically translate Snap4Arduino code into executable Arduino code,
which can be flashed (uploaded) onto the Arduino board and run wirelessly. However,
this is widely described by Snap4Arduino creators as an experimental program. During
our testing, the transpiler worked properly for most functions, but simultaneously
produced consistent warnings related to floating point functions. We did not feel
comfortable putting forth a programming option with clearly visible warnings. Students
are thrown off when things do not work properly so we felt the warnings to be an
inhibitor. Additionally, you cannot transpile code from the Ultrasonic Ranger sensor, as
it uses its own Firmata and coding blocks that are not native to Snap4Arduino.
We are hopeful the program can run wirelessly in the future, as Snap4Arduino has been
continually updating its program and resources. We’ve seen many changes over the last
few months. Both of the options that we explored as possible with further technological
development, and we are confident that both within the scope of what is achievable by
middle school participants. Additionally, we offer a description of the above methods to
make the robot wireless, in case a group is interested in putting extra work into the
robot, or has previous robotics experience.
Snap4Arduino Wireless Options:
https://github.com/bromagosa/Snap4Arduino/wiki/Linino
HC-06 for Purchase:
https://www.amazon.com/Pass-Through-Communication-Compatible-Atomic-Market/d
p/B00TNOO438/ref=sr_1_2?ie=UTF8&qid=1487365326&sr=8-2&keywords=hc-06
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Driving Motors: Parallax Motor Shield or Breadboard Model
Rigidity Factor: 4

An Arduino cannot power two continuous rotation servo motors without an external
power source. We presented two motor platforms for FIRST to choose from. The first is
a Parallax motor shield (Board of Education Shield for Arduino), and the second is a
breadboard power supply. Each model has strengths and weaknesses.
The Parallax motor shield requires much less assembly. It has pins that easily slide onto
the Arduino and Grove Shield. This minimizes the time required for electronics
assembly. The motors plug directly into slots on the shield. Additionally, the shield has a
simple barrel jack to connect the battery pack. However, due to the cost of the Parallax
motor shield (~$40), this robot model drives the cost of the kit up about $30 compared
to the breadboard based kit. Additionally, although this shield is used in Parallax robot
kits, it is available for individual purchase.
In the breadboard model, teams use wires to connect the motors to a power supply.
Teaching the groups to do this is fairly time consuming. However, they do learn wiring a valuable engineering skill. Wires can easily become dislodged or miswired. This
causes the robot to malfunction and may damage the equipment. It is difficult for
middle schoolers to troubleshoot electronics problems without background. However,
this method is cheaper than the Parallax shield. Finally, it would require a second
battery pack to make a breadboard based robot wireless, as the Arduino would need a
power source independent of the motors.
If there were not proprietary concerns about using the Parallax motor shield, the
Dartmouth team would recommend moving forward with the Parallax model.
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Selected Sensors and Electronic Accessories
Rigidity Factor: 2

Each kit comes with 4 input sensors (light, distance, button, sound) and two output
accessories (LED light, recorder with speaker). These accessories help mimic an
animal's likeness. For example, the light sensor could indicate that the animal’s
environment getting dark, and it needs to find shelter. The sound sensor could alert the
animal to a nearby approaching predator. The idea was to mimic as many of the
animal's senses as possible - eyes, ears, touch, and mouth.
From a logistical standpoint, we selected sensors that are compatible with the Grove
Base Shield. This offers a wide variety of options - everything from gas sensors to
temperature sensors. However, the sensors also must be compatible with
Snap4Arduino. This means they must work with a simple digital or analog read
command, or a set digital pin command. So, sensors for the program cannot have any
additional setup. Some Grove sensors, such as the Grove Color Sensor, operate over
I2C, which is currently not standardly compatible with Snap4Arduino. The one exception
is the Grove Ultrasonic Ranger (distance). It requires special Firmata (setup code that
groups can download onto the Arduino) in order to work. This increases complexity, but
we felt the benefit and functionality provided by the Ultrasonic Ranger outweigh the
negatives of the setup process.
We also considered strongly considered a temperature sensor (to mimic seasonal
temperature change, a key aspect of migration), but found the teams would likely not be
able to produce large enough temperature changes to easily use the sensor.
Additionally, we looked into line following sensors (to make the animal follow a line), but
found the required coding to function properly increase the complexity above the level
appropriate for our age range.
These sensors allow participants to learn about how sensors, analog/digital inputs, and
coding work. These sensors are compatible with Grove Base Shield and Snap4Arduino
and satisfy our goals; however, it is possible that other sensors can adequately achieve
the same goals.

xli

Instructional Materials Using Real Pictures
Rigidity Factor: 3

We feel that this age group reacts more positively to instructional guides with
photographs as opposed to Computer Aided Design (CAD) Images. Our testing revealed
that using purely CAD images throughout our instructional materials confused many
teams of the target age group. Students struggled to recognize how pieces were
oriented and how pieces fit with other pieces.
To remedy the problem, we elected to supplement CAD images with real photographs of
components. Children reacted much more positively and were able to use the
instructions effectively to build the robot and complete the mechanical and electrical
assembly faster and with fewer mistakes. We iterated the design of our instructional
materials through testing of each phase and each time the instructions allowed the
students to work more efficiently, and in some cases, the instructions were utilized
more when they had more pictures and explanations that the teams could understand.
Specifically for the mechanical assembly instructions, implementing hints with animals
as well as checkpoints helped kids to recognize their mistakes and make adjustments if
necessary. The instructions can continue to be improved based on feedback from
educators as well as students.
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N. Marketing Materials

I  S Project Mar eting Plan

Full Report

Introduction






FIRST approached Dartmouth College’s Thayer School of Engineering to create an innovative
FIRST program through the capstone engineering design courses, ENGS 8 / 0. Our group
members (Eloise Dietz, Osamu Fukuyama, Sean Howe, Aaron Lewin, Emily Rogers, Alyssa
Schmid) individually selected the project and began working in September 2016.

FIRST tasked
our team to create a new, lower cost program dedicated to attracting a participant
demographic that was more representative of the American population, something current
FIRST programs fail to do. Specific criteria included:
1) Engage in hands-on and student-led experiences in STEM
2) Provide opportunities to build relationships with mentors
3) Focus on teamwork and cooperative learning
4) Connect STEM-based activities and careers
5)
 Promote FIRST values of Gracious Professionalism and Coopertition
6) Culminate in an event focused on celebration
The main goal was to provide exposure to meaningful STEM experiences and teamwork
opportunities, thus inspiring students to consider post-secondary STEM education and
training, and to potentially gain work-life skills that will prepare them for their futures.
The Dartmouth team narrowed the scope of the proposal to design a program focused on
bridging the STEM gender gap that
 is apparent in FIRST programs, as well as at the
university-level and in the American workforce. Through primary research with potential users,
secondary research on the behavior of middle school students and existing STEM programs,
and input from advisors both in middle school education and higher education, the Dartmouth
team put together a pilot-ready
program for FIRST. This document explains the methods we

feel are most appropriate to market and grow the program from its pilot stage into a
fully-fledged national operation. We believe that with proper attention and care, this program
can help reduce disparity in female involvement in STEM education and vocation from a
young age.

Pro lem Statement




Current FIRST programs contain large teams with high male participation. The programs
require substantial amounts of time, money, space, equipment, and mentorship. While the
current FIRST programs are successful at encouraging participants to pursue STEM beyond
the program, their demographics fail to represent the total population.
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Mission Statement
This program is a cost-effective STEM program that is attractive and accessible to all types of
middle school students, with a focus on females. The program focuses on self confidence,
encourages creativity, and supports future involvement in STEM. Our mission is to provide
participants with the skills necessary to feel comfortable and prepared to pursue future STEM
interests. We also aim to break down the typical stereotypes surrounding STEM jobs and
professionals by showing off the many facets of STEM and prompting different types of
creative thought. This program will show that STEM is a complex field, but that should not
stop anyone from pursuing their interests and seeking valuable learning experiences.

Positioning Strategy
There are two main ways to position this program. The first is directed at the parents and
educators. The second is directed toward the children who will be participating. Each method
will involve emphasizing different aspects of the program.
Mar eting to Parents and Educators This program is a low-cost way to enrich STEM
education and encourage traditionally underrepresented groups in STEM to get involved. Key
components include:
a. This program costs $600 to run for a team of ~4 students
b. This program teaches STEM skills and concepts, including programming,
mechanical engineering, and assembly, that are critical in today’s
technologically centered environment
c. This program enhances “soft” skills, like creativity, teamwork, and time
management
d. This program is universally appealing, both to students with a strong interest in
STEM and students who believe STEM is not for them
e. This program is a low time commitment for students, parents, and educators
(~10-12 hours total)
f. This program does not require team supervisors to have a STEM background
g. This program is widely accessible
h. This program has a large focus on creativity and exploration - an aspect of
STEM that is frequently overlooked
i. This program allows students to explore interest and excitement about STEM
j. This program can take many forms (in class, after school program, weekend
intensive program, enrichment program)
k. This program works to achieve gender equality in STEM
l. This program includes rigorous and robust instructional materials to support
supervisors and teams
m. This program has an adjustable difficulty, so students can use premade robotic
tutorials or explore coding their own
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Mar eting to Students and Participants This program is a fun and engaging extracurricular
activity that is equally enjoyable as traditional extracurriculars like sports, art classes, or
music classes.
a. This program rivals alternative extracurricular activities in enjoyability
b. This program shows you that robotics and engineering is more than your
typical robot - it can be an animal that you design however you like
c. This program allows you to create your own animal that acts and looks like the
real thing
d. This program is entirely student-driven. Each team makes their own design
choices
e. This program allows you to build a robot and program it
f. This program puts you in contact with other teams around the globe
g. This program is great for kids who are interested in animals and the
environment
h. This program is great for kids who enjoy arts and crafts
i. This program gives an opportunities for kids to work in groups with their
friends to create something
j. This program allows kids to learn novel skills they can share with their friends
k. This program is focused on inclusivity
l. This program is structured to maximize the amount of time each team member
is actively involved

Mar et Research
The Dartmouth FIRST Team conducted extensive primary and secondary research to examine
the market for our program. We began our research process with secondary research (i.e.
journal articles, state of the art examination) to provide a basic direction for program design.
Since then, we have employed primary research involving various parties affiliated with the
program; we have received feedback from focus groups of local middle school girls and their
parents, school administrators and educators from New Hampshire, Arizona, and Hawaii. We
experienced first-hand the positive features and shortcomings of the current FIRST LEGO
League competition and FIRST LEGO League r. exhibition at the Thayer School of
Engineering. We continue to seek data through standardized surveys and feedback as
questions about the programs arise.
The Dartmouth team researched the driving reasons for the distinct gender gap in STEM
fields. Published statistics from scholarly articles have revealed the following information:
Girls are not inherently less interested in STEM; girls lose interest in STEM. Despite both boys
and girls showing equal potential in the early years of math and science, the graduation rate
for women in STEM fields is far lower than that of men. Specifically, less than 20 of
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Bachelor’s degrees in engineering and computer science are awarded to women nationally.1
While middle schools require students to take introductory math and science courses, studies
cite that girls frequently feel unwelcome in STEM classrooms, and girls are unable to see the
connection between STEM classes and future careers.2 Furthermore, girls are unable to see
themselves taking on these roles due to a lack of significant female role models in STEM.
These core reasons demonstrate why girls lose interest in STEM and ultimately leave the
field. Research also suggests the competitive nature of available STEM programs and the
frequent placement of girls into stereotypically gendered roles during group projects further
causes the decline in interest.3 In group projects, girls are often assigned managerial tasks
rather than science-based tasks, diminishing their confidence and desire to engage with
STEM. 4 Additionally, student interest in STEM, particularly among girls, tends to decline during
middle school as student attitudes shift toward viewing STEM not as a creative process of
discovery, but instead as “facts to memorize” and “boring.”5 ,  6 , 7 Our research, interviews, and
personal experiences have all supported the idea that harnessed creativity and freedom are
critical aspects of STEM programs, though these are all typically neglected elements of state
of the art STEM programs.
Middle school is the right time to intervene and offer this new type of STEM program.
“Research has shown that women have strong opinions about computer science prior to
entering college, and that this perception is most often defined during high school.”8 While
these opinions may be either positive or negative, impressions that are formed at a young age
are often difficult to change down the road. Thus, while it is essential to provide more support
to female students already enrolled in STEM programs, it is equally important to attract
younger students to STEM fields. If we recognize that opinions and stereotypes surrounding
STEM are formed by high school, this new program will aim to break down the barriers that
exist once students have reached high school; we target middle school students to preempt
this issue while promoting higher accessibility in STEM for all students. Shaping the opinions
of young children will in turn have positive outcomes on bias and judgment surrounding
STEM.

1

Society for Women Engineers. Degree Attainment. Research and Trends for Women in STEM. SWE, 25 an. 2017.
Web. 28 Feb. 2017. http://research.swe.org/2016/08/degree-attainment/>.
2
Cannon, Kelly. IEEE plore Full-Text PDF:. I
plore. IEEE, n.d. Web. 28 Feb. 2017.
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6184265>.
3
http://link.springer.com/article/10.1007 2Fs10 64-011- 6 3-z
4
https://hbr.org/2016/08/why-do-so-many-women-who-study-engineering-leave-the-field
5
Kahle, ane Butler, and Marsha K. Lakes. The Myth of Equality in Science Classrooms. . Res. Sci. Teach. ournal
of Research in Science Teaching 20.2 (1 83): 131-40. Web.
6
Sullins, E. S., Hernandez, D., Fuller, C. and Tashiro, . S. (1 5), Predicting who will major in a science discipline:
Expectancy value theory as part of an ecological model for studying academic communities. . Res. Sci. Teach., 32:
11 . doi:10.1002/tea.366032010
7
How Can We Enhance Girls' Interest in Scientific Topics? The ritish ournal of ducational Psychology U.S.
National Library of Medicine, n.d. Web. 28 Feb. 2017. https://www.ncbi.nlm.nih.gov/pubmed/22050310>.
8
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=426436
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Girls do not have a lack of interest in STEM, but more a lack of knowledge of what STEM can
be. A study conducted by the Girl Scout Research Institute investigated girls’ perceptions and
abilities to pursue STEM fields, and identified contexts or situations in which girls may thrive
in and enjoy STEM subjects. They surveyed 852 teen girls nationwide and found that 74 of
teen girls are either somewhat or very interested in STEM. Furthermore, these girls like to
understand how things work, do hands-on activities, solve problems, and ask questions more
than girls who are not interested in STEM. These girls also tend to be stronger students, have
stronger support networks, have more STEM exposure, have higher academic goals, and are
more inclined to tackle adversity. Therefore, we have designed the program to demonstrate
what STEM really can be and break down the stereotypes that exist surrounding who can
succeed in STEM. The program aims to show middle school students how STEM is
interesting and multifaceted.
Note: The research done by the Dartmouth team has driven decisions throughout the program
design process. We recognize that there may be certain faults in our primary research given
the sample size and geographic isolation that may have contributed to data bias. We will
discuss how the potential biases factor into our program decisions in the Explanation of
Decisions document. We also recognize that the pilot program rollout will provide further data
for the decisions through feedback and observation.

Target Mar et
The target market for our program contains a few different pieces; each is important to
consider for the success of the marketing efforts. The program must attract school educators
and administrators to start program offerings and market it to students. It also needs to
attract STEM professionals, or technically inclined high school or college students, who are
capable of understanding simple robotics so that they can serve as mentors. Lastly, the
program must appeal to parents who will supervise the program, as well as children who will
participate in the program. Each subset of volunteers will require their own marketing effort.
In the marketing strategy section, we will explain what we believe to be the best method to
efficiently attract each of these groups. We also recognize that FIRST has extensive
experience in recruitment that they can incorporate.
The primary target market is any child of middle school age. While the shear size of target
market makes it a difficult market to fully capture, we feel that this program will allow FIRST
to attract different types of students more effectively than its existing programs. The program
aims to address core issues that keep children out of STEM disciplines. These issues include
lack of access to STEM education, lack of role models in STEM, negative stereotypes
associated with STEM, and ability to fit into students’ busy schedules.

http://www.girlscouts.org/content/dam/girlscouts-gsusa/forms-and-documents/about-girlscouts/research/generation_stem_full_report.pdf

xlvii

It is important to note that because the middle school student and educator markets are so
large, the pilot program must focus a limited marketing effort on schools, regions, and
districts that would be open and eager to try a new program targeted at female students.
Potential options include working with all-girls schools, female-based community programs,
or even partnering with organizations like The Girl Scouts of America (or similar
organizations). Although we recognize that the overall program goal is to be equally
accessible to everyone, we do not feel that using an untargeted method for initial rollout
would be a wise decision.
For the initial rollout, because the program focuses on the main themes of increasing gender
equality and STEM interest, marketing efforts should be focused on locales and individuals
who have demonstrated interest and planned action in these areas. Convincing schools or
community centers to adopt this type of program is the first step to delivering a successful
program.
FIRST should further consider the financial resources a school or community has available to
run a pilot program. Schools with adequate resources or schools with students from wealthy
backgrounds are more likely to take on the risk of a new pilot program, rather than a school
who cannot afford to spend money outside of their preset budget.
Finally, to reiterate, despite the fact that targeting the pilot program towards specific market
segments does not strive towards nor achieve the end goal for the program, we believe that
taking advantage of schools with the financial means and preexisting interest in the pilot
program is the best course of action in the short term. Once the program has a stable footing,
focus can shift toward the long term goal of reaching under-represented students.

Product Description
The product consists of a six session (~ 0 minute per session) program aimed at teaching
21st
  century skills with a focus on STEM and robotics. This program is intended to be a new,
approachable, accessible way to introduce middle school students to STEM outside of the
traditional classroom. Teams of four students will research, plan, assemble, code, customize,
and present an animal robot during the course of the program. The cost of the program is
$525 per team.
The program works around the theme of learning how animals interact with their environment
(i.e. through migration). The program teaches two core concepts: technical skills and
team-building skills. On a technical level, the participants will research a problem, assemble a
robot, learn picture-based programming through an age adjusted, user-friendly coding
platform, and hone creative and artistic design skills. By working in a team, the participants
will learn to work as a unit, solve problems as a group, manage time, lead, and communicate
effectively.
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This program can be structured in a variety of ways. It consists of six sessions, each lasting
roughly 0 minutes. These sessions can be divided at the discretion of the supervisor. For
example, the program could run after school one day a week for six weeks. Alternatively, the
program could run over the course of one weekend. In this case, students would complete the
first three sessions (roughly 4.5 hours) on Saturday, and the final three sessions (roughly 4.5
hours) on Sunday. Another option is to run the program during the school day. If classes only
run about an hour each, it may take 6- classes to complete the program. The flexibility in the
program allows for more students and supervisors to participate in a way that best suits their
needs and schedules.
As discussed earlier, students will complete six sessions, falling into four main modules. The
first module is a research and planning session. In the second module, students will build
their robots. The third module consists of electrical assembly and coding the robot. Finally,
the last module revolves around creatively designing the animal robot and presenting it.
Module

- Research and Planning

Session 1: Students will work through worksheets that teach them about migration,
environmentalism, animal habits, and more. Groups will select an animal to create, design,
and present throughout the program. Each team will learn to work together, compromise, and
plan ahead for the rest of the program.
Module

- uilding the Ro ot

Session 2: In the second session, students will follow assembly instructions to use a robotic
kit to build their animal robot base. The session teaches simple assembly skills, following
instructions, working with others toward a common goal, and sharing the workload.
Module

- Electronics and Coding

Session 3: In the third session, teams will finish assembling the electrical components of their
robot, and will learn to use a picture-based programming language called Snap4Arduino,
which is publicly available and relatively easy to learn. The students will work through tutorials
and practice programs.
Session 4: In the fourth session, teams will transition from practicing coding examples to
creating their own program to make their animal robot imitate how they want their animal to
migrate.
Module

- Creati e Design and Presentation

Session 5: In session five, teams will use arts and crafts supplies to transform their robot into
an animal and make it as aesthetically realistic as possible.
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Session 6: In session six, teams will create a video showcasing their functional animal robot
and upload it to a website of animal robots from around the globe. In addition to creating and
posting a video of their team and their robot, teams can plan exhibitions at their schools, local
parks, or their local libraries to both present and teach others about their experiences.
Although the primary focus of the program is directed at the student participants, it is
important to note that the volunteers’ needs were considered throughout the design as well.
For the most part, the students have been equipped with the tools to complete the program
with minimal adult assistance. They will be lead by rigorous instruction guides and
supplementary materials at each step along the way.
If the students require help, there will be two people to assist them: a mentor and a
supervisor. Each group of teams will have a nearby high school or college mentor who is
technologically competent to work through all technical challenges that the middle school
students face. This volunteer will keep the groups excited and engaged throughout the
program. The mentor will be knowledgeable about the robot and coding aspects of the
program. While this volunteer will serve to assist the students on program-specific questions,
the supervisor role will be responsible for scheduling team meetings, communicating with
parents, reserving space to run the program, and serving as the logistical coordinator. The
supervisor should be an adult, potentially a parent or school teacher. However, this person
does not require any STEM background. This adult should be cognizant of proper team
dynamics and available to mitigate and resolve student conflicts. They will oversee the
sessions to ensure students are safe, behaving, and integrated into their teams. These two
volunteers will work together to run the program smoothly and successfully, ensuring that the
students learn effectively and expand their skillsets.

Competiti e Analysis
The Dartmouth team was unable to do any competitive analysis regarding who is effectively
marketing STEM programs. We felt that, given the competitive landscape, FIRST would be
more knowledgeable and able to determine the best practices compared to the competitors.
The Dartmouth team originally expected to reach out to comparable companies but were
never given provided with contacts and determined that this area of interest was not a
priority. While baseline competitive research was completed to assess current state-of-the-art
STEM programs, we are reliant on the expertise of FIRST in this arena and, as such, prioritized
technical research, testing, and development.
Despite the fact that no specific research or analysis was done, we do believe that there is
significant value in mirroring, adopting, and modifying the best practices of similar
businesses with comparable goals. We feel that using state-of-the-art methods, along with the
strengths and opportunities of our program, will achieve maximum levels of participation.
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Mar eting Strategy
After discussing the FIRST marketing strategies with our sponsor, we believe that the best
course of action is to continue using similar marketing methods as current FIRST programs,
with slight modifications. FIRST Headquarters currently uses regional or local volunteers to
market programs to specific areas. FIRST HQ provides a set of instructions and methods for
explaining the current programs to schools or communities. The local and regional
coordinators meet with school administrators, Boards of Education, and other educators to
sell the programs. The schools that are interested in participating are responsible for
attracting teachers or parents to run the program. FIRST provides all of the tools and kits
necessary to run the program, as well as supporting documents and a detailed library of
potential problems and how to overcome them. Schools are also responsible for recruiting
children to participate in the programs.
The trickle-down approach currently deployed by FIRST is the most cost-effective method for
starting new teams and growing current programs. Because of the cost-sensitive nature of
FIRST, we believe that continuing the trickle-down recruitment method will be effective, while
incurring minimal start-up costs. We recognize that it is very difficult to efficiently recruit team
leaders in any other way. As a result, because the program we designed addresses the needs
of not only student participants, but also the needs of potential mentors and supervisors as
well, this program has a higher chance to succeed in mentor and supervisor recruitment.
To pitch the program to new users, we believe that explaining the problem (nationwide low
female involvement in STEM) and the potential end result of running the program (increased
female involvement in STEM) will be useful in engaging schools, educators, and parents.
Below is the step-by-step process that we believe is a useful “pitch roadmap”:
1) Explain the severity of the problem (Gender Inequality + Lack of Accessibility)
2) Explain what FIRST has done to address the problem (Designing a program to attack
this problem)
3) Explain what we need from a mentor/educator/supervisor to run the program
4) Explain how FIRST will train mentors/supervisors and support the program
5) Demonstrate the impacts, what these children will learn, and how this program will
begin to fix the problem from step 1.
1) Explain the severity of the problem (Gender Inequality + Lack of Accessibility)
Educators and parents share the responsibility of teaching their children how to learn, how to
behave, and how to treat others. As parents, or members of the education fields, these
individuals are invested in their children’s futures. However, they may not understand the
plight of females in STEM. Offering statistics about how female interest in STEM decreases
over time, or the staggeringly slim percentage of females in engineering or computer science
will help convince them that encouraging female participation in STEM is a problem they want
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to be involved in solving. Explaining how this new, revised program approaches a larger
educational issue will be the first step towards taking action. FIRST must show how the
problem is prominent across the United States and will continue to pervade society without
adequate efforts and resources put towards addressing it. Convincing someone to volunteer
their time is a very difficult feat, especially for those who already are pulled in different
directions by many various commitments. Creating an emotional connection between the
problem and an educator or a parent will go a long way in breaking the time commitment or
“convenience” barrier and encouraging them to get involved.
2) Explain what FIRST has done to address the problem
The Dartmouth team, in conjunction with FIRST, has put significant time and energy into
researching, designing, and testing this new program. Showing educators and parents that
this program was designed with constant feedback along the way from potential users,
educators, and parents will create a connection to potential participants. We can show that
the needs of everyone were taken into account in the design process and how this program is
unique and effective in that way. The Dartmouth team and FIRST have incorporated different
technical and social skills into the program while keeping in mind the barriers to participation
in afterschool STEM programs such as time commitments, cost, and levels of interest.
3) Explain what we need in a mentor, volunteer, or supervisor
The most important aspect of recruiting volunteers for the program will be convincing them
that they can have a real impact on children’s lives and educational growth, while
demonstrating that the mentor/supervisor role is vital to creating this impact. FIRST will need
to demonstrate that the requirements (e.g. background knowledge and time commitment) for
being a supervisor are very low. Also, while the time commitment (~12 hours), required STEM
education, and preparation are low, the potential impacts on a child’s later success in STEM
are high. Providing the responsibilities of the position will be very important. Supervisors will
be responsible for the planning and oversight of the program. Mentors or volunteers will be
responsible for working with the children through the programs and will need some level of
technical knowledge. The best-case scenario is to explain how anyone can serve as a
volunteer in this program, but simultaneously make a potential volunteer feel as if they are the
only one for the job.
4) Explain how FIRST will train mentors/volunteers/supervisors and support the program
The Dartmouth team did not feel confident providing a recommendation to FIRST in this area.
FIRST has experience and standard procedures for training new mentors. However, the
Dartmouth team will provide session guides that mentors and supervisors can use throughout
the program, problem mitigation and mediation scenarios, and suggestions for when the
groups encounter hurdles throughout the program. There will also be resources for the
program participants for extra help should they need it, such as FAQ pages, online videos, and
supplementary supervisor guides.
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5) Demonstrate potential impacts of the program, what participants will learn, and how the
program design will address the problem from step 1
At the end of the pitch, the potential impact on the children will be the most important point of
emphasis. There are three sides of impact: the impact the mentor/supervisor can have on the
kids, the impact kids can have on other kids, and the impact the program itself can have on
the kids. The mentor and supervisor can instill confidence and skills into the participants by
encouraging, teaching, and helping along the way. Students can encourage their friends to
learn, teach respect, and build relationships with other students. The program, along with
FIRST’s core values, teaches 21st
  century learning skills as well as technical skills that most
children are not learning in traditional middle school science classes. The philosophy of
combining interpersonal skills and technical skills is what makes FIRST programs unique and
more effective than other STEM programs. Children will learn basic research methods,
mechanical assembly skills, basic coding proficiencies, and creative design. Simultaneously,
they will work through technical and team-based problems, and develop communication and
leadership skills that other STEM programs do not offer. On top of the impact of this specific
program, FIRST should use its research to show how their other offered programs have
proven effective in achieving higher levels of confidence, communication skills, team building
skills, and problem-solving skills after participation.
otes on the Overall Pitch Process
The Dartmouth team believes that this argument displays the best facets of the new program
as well as FIRST goals and values to potential participants After trial-and-error runs in the pilot
program FIRST should adapt the roadmap to address failures to recruit mentors and
supervisors for the program
It is also important to note that when pitching to different types of people, their interests and
end goals will be different. Therefore, the pitch must be tailored appropriately. The different
types of groups include:
1)
2)
3)
4)
5)

School Educators and Administrators
STEM Professionals/Potential Adult Mentors
High School and College-Age Mentors
Parents
Students

1) School Educators and Administrators
This group will best understand the systemic problem of gender inequality in STEM and
recognize the need for addressing it. They will know which teachers and children would best
thrive in this type of program. Teachers should focus on recruiting the students who will enjoy
the program and potentially succeed in this field, especially for those students who might not
realize their potential on their own. Encouraging kids who have demonstrated interest, ability,
and drive is an important aspect of program success and continuation into STEM fields. For
example, many students may be excelling in math and science courses but need an extra
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push to be told that they would succeed in a STEM program like this one because it fits with
their interests and busy schedule whereas a typical STEM program would not be able to
satisfy the individual’s needs. We believe highlighting the significantly reduced cost and
support and encouragement of female involvement in STEM as early as middle school could
be a significant selling point.
2) STEM Professionals/Potential Mentors
This group will be vital to the success of the program. The probability of a team encountering
a roadblock during the program is high, and mentors will help teams to confront these hurdles
and move forward with their project. Internal FIRST research indicated that the largest issue
with current FIRST programs is a lack of sufficient and knowledgeable mentors to assist
teams through technical hardships. Convincing a large number of STEM professionals to
volunteer for a very low time commitment per week will drive success of this program.
Furthermore, one of the most effective ways to persuade someone to volunteer as a mentor is
to convince them, on a personal level, that they are needed and are the best person for the
job. Due to the mentor role, students will see these individuals as role models who can solve
many types of problems. We foresee this relationship being very valuable as students will
have access to someone with experience working in a STEM field and may be convinced to
pursue this career path.
As an aside, we feel that recruiting women, people of color, and people from underserved
communities to serve in this role could have high additive value and should be prioritized.
Showing students that anyone and everyone can be successful in a STEM field is a core goal
of the program. Giving teams access to mentors with different background can have a
profound impact on young students. Not only will this show girls that they are welcome in the
program and in STEM fields, but girls could derive extra value from having a female role
model providing an in-depth look into the work of a female scientist or engineer. Similarly,
female STEM professionals know the challenges and adversity they faced, and can provide
support.
3) High School and College Mentors
High school and college students volunteer in many types of ways. Advertising to this group
will be receptive among students who are interested in STEM fields themselves. Many
students volunteer independent of requirements but many high schools require a certain
number of volunteer hours; FIRST can pitch to school systems that this is an effective method
for allowing students to fulfill volunteer requirements in a compelling and meaningful way.
Similarly, high school and college students will find a lot of the program fun and exciting as
they will have the opportunity to play with the robot themselves and help younger students
become interested in STEM and robotics. FIRST can also use their current program
“graduates” from the upper grades who might like to help out and provide avenues for
students in this program to learn about other FIRST programs first-hand.
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4) Parents
Parents want the best possible outcome for their children. This program offers parents and
children a low-cost, low-time commitment program for children to experience STEM through a
different lens than standard middle school science classes. Focusing on the learning
opportunities, accessibility, and fun of this program should be a focus for marketing materials
aimed at this group. It may be effective to explain to parents that this is a test-run with STEM
for their children, which may prompt interest in high school and beyond. Throughout our
testing, parents continued to thank us and express excitement about the potential of this
program with further iterations, research, testing, and feedback.
5) Students
Because students are not the primary decision-makers during their middle school years,
marketing efforts towards this group should not be a core focus. However, this group still
requires attention as they will be the ones participating in the program. Due to the new age of
social media, piquing the interests of middle school students through apps such as
Instagram, Snapchat, or Facebook could be extremely effective. However, significant research
would be necessary to determine or predict whether or not this would be an appropriate use
of resources. Marketing materials should be created with children’s interests in mind (i.e.
focusing on the fun aspects of the program, like building, designing, creativity, spending time
with friends, as well as the animal-themed focus). That being said, the interests of students,
as well as the barriers to participation, were heavily weighted during the program design
process. We believe that this program will attract children of all demographics at a level
above current programs in which user feedback did not drive program structure and content.

udgeting
Given that the Dartmouth team is tasked with creating a pilot program, the marketing budget
is at the discretion of the FIRST team. We do recommend that the pilot program be activated
in areas with sufficient resources and areas that are dedicated to solving the problems that
this program was designed to address.

Success Metrics Goals
The Dartmouth team met all of the requirements and objectives set throughout ENGS 8 / 0
for the pilot program. While the program is ready to be rolled out at any point next year, we do
believe that there will be improvements to be made throughout the rollout process. That being
said, with regards to success metrics, we hope to meet the expectations and growth
projections that are standard to FIRST programs, and we believe that this program will have a
more representative gender demographic as the program grows. FIRST being at the forefront
of organizations attempting to achieve gender equality in afterschool STEM programming
could have significant advantages. A simple metric to use would be the percent of female
involvement for the pilot program when compared to the data of other FIRST programs. We
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hope to advance with the trend of progressive education in the United States and expect to
provide a program that piques girls’ interests, retains their involvement in STEM, and
demonstrates that STEM is a field that anyone is capable of entering.
Because the Dartmouth team was tasked with creating a pilot program, there are no specific
goals regarding sales. Instead, the team formed a list of requirements regarding the program
design to serve as metrics to focus on. Please note that the long-term impacts of the
proposed pilot program were not measurable in the current time scope. However, we strongly
believe, along with our contacts at FIRST, that given our adherence to the FIRST ideals while
making design decisions for our program, positive outcomes will follow.

Areas for Continued Research
Below, we have explained other opportunities in terms of marketing this program. We feel that
further research is necessary to draw conclusions as to whether these methodologies are
valuable and efficient forms of advertising, marketing, and growing the program.
Exploring Alternati e Communication Mechanisms FIRST could consider participating in
tradeshows for educational programs, exhibitions for women in STEM, or other similar
forward-thinking scholastic events. Webinars may be an effective way to advertise and offer
information to potential school educators. The most effective method to reaching and
attracting mentors is by word-of-mouth (people telling other people they know how useful
they could be attacking the personal connection) supplemented by social media, studies,
pictures, and success stories.
Reaching out to Existing Student Groups FIRST could reach out to large student
organizations, such as the Girl Scouts or city school districts to establish this program as part
of the curriculum. For example, the Girl Scouts could offer a patch for completing the
program. Seeking out partnerships to incorporate this program into other organizations that
already have large communities could be an effective way to jumpstart the program.
In ol ing Current  I S Strongholds Those most loyal to the FIRST program are those who
have already participated. Create separate marketing materials to appeal to this group, as
they may know students not well-suited to traditional FIRST programs that may enjoy this one.
Past participants and volunteers are also prime options to serve as mentors and supervisors.
Mar et ith Real Life Examples and Testimonials After the pilot program is complete, use
the stories and examples from real teams to recruit future teams. Use testimonials of
students enjoying the program to show tentative potential participants that they don’t have to
be a traditional STEM student to get involved and enjoy the program.
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Social Media The key age group for this program (middle school) is heavily involved on social
media platforms such as Instagram, Snapchat, and Facebook. Explore advertising on these
platforms because it has a huge potential upside.

Core Message Document
Uni ue alue Proposition
ey enefits
Current FIRST programs boast statistics such as 85 of their participants are more interested
in doing well in school, over 85 are more interested in going to college, and on average over
0 of students feel that their 21st
  century skills have improved as a result of their
participation in a FIRST Program. However, girls remain underrepresented across all FIRST
programs. To combat this issue, we have developed a program with the goal of promoting
academic confidence and increasing interest and involvement in STEM fields after the
completion of the program. Our program distinguishes itself from other STEM programs by:
emphasizing a softer introduction to robots by presenting them as “animals,” focusing on
cooperation and collaboration instead of competition, showing that creative design and art
are important aspects of engineering, presenting a lower price point, and requiring a minimal
level of background knowledge. The program structure was designed to lower barriers to
entry that exist in current programs, including the high time commitment, high cost, and
unintentional marginalization of female participants and underserved communities.
What is this program
This program was designed with the interests, skill-sets, and needs of the students and
volunteers in mind. In combination with the existing FIRST programs, this program idealizes
the best of what FIRST programs currently offer and what research suggests to be the most
effective methods for engaging all types of students in STEM, with a specific focus on female
interest. Over six sessions, students will research, assemble, code, and customize an animal
robot to interact with its environment based on the annual theme (e.g. migration). Finally,
students will participate in a virtual culminating experience to demonstrate their creativity and
effort to the world. They will write and film videos, set up demonstrations in their community,
and show off their creation and what they learned.
This program champions environmentalism and social relevance through an animal migration
theme. Its low cost will allow the maximum amount of students to get involved. It shows
prospective STEM students that science and engineering can be more than an old man in a
lab coat watching over an intimidating metal machine or chemical experiment. It can be a
monarch butterfly robot using the sun to migrate or a migrating bird communicating with its
flock. Furthermore, the program shows that STEM spans more than textbooks and theories students will engage in hands-on building and coding and will also learn the importance of
creative design and aesthetics as they design their robot to look like a real animal. Ultimately,
this program demonstrates that STEM is so much more than anyone originally thought it
could be. In sum, it is socially relevant, environmentally cognizant, creative, innovative,
collaborative, and open and accessible to anyone interested.
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Who are e
FIRST is a global nonprofit organization that seeks to inspire youth to become STEM leaders
and innovators through after-school STEM programs for students K-12 internationally. FIRST
provides expertise in student-driven STEM program design. In addition to its focus on STEM
awareness, FIRST aims to inspire innovation and entrepreneurship, and to teach work-life
skills through project-based learning. Their core program components include hands-on,
student-led activities that teach STEM design principles, heavy collaboration and mentorship,
and a challenge that takes place over several months and ends with a culminating
celebration.
Conclusion
This new program has been designed with the intention of evening out the gender gap in
STEM. Interest in science and math at a young age is prevalent between both genders, but
some students, specifically girls, develop an “I Can’t” mindset which inhibits their desire and
ability to pursue STEM. This program aims to attack that mindset of “I Can’t” and break down
the stereotypes of only certain people having the opportunity for success in STEM fields. This
program will demonstrate the broadness and interdisciplinary nature of STEM and encourage
confidence for students to develop the skills needed to pursue STEM throughout their
education and succeed in their endeavors.
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Goals Pain-Points and Solutions
Pilot
Goals

●

●

Pain-Points

●
●
●

●

Full Program

To use pilot rollout to learn valuable
information and feedback about how
the program is perceived, what its best
features are, and what needs to be
changed
To use the pilot to attempt to quantify
the interest of a larger population than
the Dartmouth team could access

●

Gaining traction
Convincing educators to try something
unproven and new
Troubleshoot never before seen
questions or concerns from
participants and volunteers
Collecting unbiased and rigorous data
on pilot program teams

●
●

How
Pain-Points
Impact Goals

If traction cannot be gained and a
representative user population is not
attracted to the pilot, this program will not
succeed at achieving its goals.

Mitigation
Plans

●
●
●
●

Larger focus on targeted marketing
Focus on attracting different types of
teachers, students, parents
Emphasize the points of difference to
other STEM programs
Harness current excitement
surrounding STEM to promote out of
school STEM enrichment opportunities

●

●

●
●
●

Gaining traction
Reaching all different types of people,
scaling up
Maintaining the program’s uniqueness
e.g. with new themes and challenges
Competitor programs pull users away
from this program
Production/ordering of kits for teams

The pain points for the full program have
varying levels of influence on the goals of
the program. Gaining traction and reaching
all different types of populations have the
greatest influence on goal achievement.
●
●
●
●

●
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To grow at a pace that is standard with
other FIRST programs while maintaining
a representative gender, race, and
socioeconomic distribution
To use analysis of long-term successes
and failures for continued program
development and improvement
To draw a new audience of students to
the FIRST community

Larger focus on targeted marketing
Focus on attracting different types of
teachers, students, parents
Emphasize the points of difference to
other STEM programs
Harness current excitement
surrounding STEM to promote out of
school STEM enrichment opportunities
Harness existing traction of FIRST
Programs to offer a higher diversity of
choices in the progression of FIRST

SWOT Analysis
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We site Guide
Overview - The purpose of the website is to market the program, share the achievements of
past participants, and help current participants and their mentors throughout the program.
Current Participants - The website should include a section that helps current participants
build, design, and program their animal robot. This section should include videos, instructional
materials, and guides created to help the mentors and students throughout the program. A
Frequently Asked Questions page should also be updated throughout the program as
common problems arise. This way, support staff and FIRST employees do not have to answer
repetitive questions.
Mar eting - The website will help to market the program by advertising social media
associated with the program (Instagram, Facebook, etc). Articles included on the website
(pictures of robots, exhibitions, etc) can then be shared not only by FIRST social media
accounts, but also by schools, parents, and kids. One way to achieve this could be to
encourage participants to send in posts detailing something interesting that happened in their
team or a goal or achievement that they completed. These posts could be sent in and
collected via social media accounts like Twitter or Instagram and republished for all program
participants to see. The website create a sense of online community while helping to spread
the word about the successes of the program and its teams. The program benefits should
also be highlighted and emphasized to the public. The program is very different than most
other FIRST programs and the differences should be clarified and demonstrated to satisfy the
needs of a different type of student. The website design for this program should fit in with the
rest of the FIRST programs on http://www.firstinspires.org. The information about the
program, how to start a team, resources, and other materials can serve as modes to attract
new participants who may be looking for a STEM or a robotics program but have not found
one that fits with their lifestyles and interests.
Past Participants - The website may also serve as a platform to share participant final videos
along with a description of what the past projects were. This could be done in a blog-style
manner where a picture of the team and a video of their robot is uploaded. There could be a
blog post if there was an exhibition or any event where the team got to share their robot with
the community. People can then comment on these articles and share them to different social
media platforms, spreading the word about our program. FIRST could emphasize that each
team should contribute to this blog so that each team has a legacy moving forward.
Additional website features already incorporated on the current FIRST website:
● An about page detailing the program’s purpose and goals.
● Descriptions of past programs and what that year’s specific challenge was.
● A map showing where in the world current teams are registered.
● A social media stream displaying tweets with certain hashtags that pertain to the
program
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Logic Model
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