
This past July, for the third summer in a row, scores of soon-
to-be high school seniors traveled to MIT’s Cambridge, 
Massachusetts, campus — just across the Charles River 

from Boston — to participate in one of eight demanding, project-
based engineering courses, including two where students built 
and flew robotic quadcopters to study autonomous vertical flight 
and radar imaging. 

It’s all part of part of the Beaver Works Summer Institute, a rigorous, 
world-class science, technology, engineering and mathematics 
(STEM) program for talented rising high school seniors, developed 
by MIT’s Beaver Works Center, a research and innovation incubator 
created by the MIT School of Engineering and Lincoln Laboratory, 
a federal research lab based at MIT. In addition to the Center’s 
collaboration between MIT and Lincoln Lab, “the truly exciting part 
is the opportunity to shape the next generation of engineers and 
leaders in a way that will stay with them forever — they are the 
future,” said Dr. Robert Shin, Beaver Works’ director and creator of 
the Beaver Works Summer Institute (BWSI).

By John M. Doyle

While operators of vertical takeoff and landing (VTOL) unmanned aerial vehicles (UAVs) 
explore new roles for their aircraft, educators and engineers at the Massachusetts Institute of 
Technology are using small VTOL drones to get high school students excited about science, 
technology, math and, especially, engineering.

Summer Fun with STEM
MIT’s Beaver Works Summer Institute Woos High 
Schoolers to Science, Tech Careers

Dr. Robert Shin, 
Director of the 
MIT-Lincoln 
Lab Beaver 
Works, created 
the Beaver 
Works Summer 
Institute “to 
shape the next 
generation of 
engineers and 
leaders.” (MIT 
photo)

The MIT Beaver Works 
Summer Institute brought 
in nearly 200 rising 
seniors from around the 
US to tackle complex 
engineering problems 
over an intensive four-
week course. BAE Systems 
sponsored the autonomous 
drone racing program. 
(BAE Systems photo)
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Teams for the autonomous drone 
program assembled their UAVs 
from a modified DJI F550 kit. (BAE 
Systems photo) 

Like many engineering professionals, Shin — who also heads 
the Intelligence, Surveillance and Reconnaissance and Tactical 
Systems Division at Lincoln Laboratory — was concerned about 
the decline in STEM education in US high schools, and the impact 
that could have on higher education and industry. He looked 
around for some sort of summer program that might channel 
engineering students to MIT, but “none of the projects were of the 
caliber I expected,” Shin said. He noted there were summer camps 
for talented student musicians. “What about engineers? If you’re 
the best engineering student in high school, what do you do during 
the summer? That was our model,” he said.

To engage high schoolers in several STEM areas, the institute offers 
hands-on courses like ones offered to MIT engineering students at 
Beaver Works, where they can get involved in a range of research 
and educational pursuits. They include two-semester, course-
based capstone projects; joint and individual research initiatives; 
and research internships. As part of a recent capstone project, a 
team of MIT engineering students and faculty designed a gasoline-
powered, long-duration, fixed-wing UAV that can stay aloft for five 
days at altitudes of 15,000 ft (4.6 km). 

Promising Beginnings
In its first year, the intensive summer program offered just 
one course, an autonomous model car project, called Rapid 
Autonomous Complex-Environment Competing Ackermann-
steering Robot (RACECAR). The 46 students came from two dozen 
high schools across the US. Working as teams, they built and raced 
robotic model cars, while learning about autonomy and computer 
programming fundamentals. By the summer of 2017, BWSI had 
partnered with 49 high schools to recruit 98 students — nearly two-
thirds of whom came from outside Massachusetts. The number of 
workshop-style courses also expanded to three: RACECAR from 
the previous year; a second course for designing quadrotor drones 
to fly autonomously in an aerial race; and a third for building an 
autonomous cognitive assistant, like Amazon’s Alexa or Apple’s 
Siri. By 2018, BWSI grew to eight course programs and 198 students 
from 105 schools across the US. 

Students selected for the program’s third iteration spent four 
weeks (expenses-paid) at MIT, working in teams to tackle complex 
engineering problems with the help of professors, Lincoln 
Laboratory staff and experts from corporate sponsors. New courses 
included: one for hacking a 3D printer to master the fundamentals 
of the new technology; another for designing, assembling and 
testing a tiny “CubeSat” satellite; and a second drone course, UAV-
synthetic aperture radar, which had students build and fly a radar 
on a small drone. 

Each course had two components: an online distance learning 
course from January to May (open to all interested students) that 
taught the fundamentals of each topic; and an advanced four-
week summer program at MIT over July and August for a smaller 
group of students based on their performance and dedication in 
the online class. “We’re taking a college level, one-semester course 
and crunching it up into a four-week project,” Shin said.

In one of the two courses exploring UAVs, students designed their 
own autonomous capabilities to race small quadcopter drones 
around an obstacle course. The January to May online component 
provided students with a solid mathematical foundation, critical 
to completing the more advanced topics of the summer course. 
BWSI students demonstrated the skills they developed on a drone 

they assembled from a kit, a quadrotor 
“clone” of the now discontinued DJI F550 
drone. “They assembled it fully, including 
configuring the platform-payload balance, 
flight controller, telemetry radio, and 
transmitter/receiver,” said Ramamurthy 
Bhagavatula, a technical staffer at Lincoln 

In the autonomous UAS program, the drones had to follow 
a bright line LED oval on the ground while aloft to keep 
locked onto the race track. The unmanned autonomous 
air vehicle race course was designed to challenge student 
operators and protect spectators. (Lincoln Lab image)

Autonomous air vehicle racing was introduced as a Beaver Works Summer 
Institute program in 2017. Students built, programmed and raced a small 
autonomous flying drone through an aerial race course. Students used a larger 
quadcopter in 2018 to accommodate more sensors. (Reprinted with permission 
courtesy of MIT Lincoln Laboratory)
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Lab. They also used the Robotics Operating System (ROS) a flexible 
framework for writing robot software, various open-source 
libraries, and custom algorithms to program the drones. Students 
demonstrated basic implementations of control and autonomy 
after each unit of instruction. Those lessons enabled students to 
develop algorithms for a quadcopter to autonomously navigate a 
UAV racecourse.

BAE Systems’ FAST Labs sponsored the autonomous drone racing 
program. “The work that the students did in the UAV course lined 
up perfectly with the technology that we have here at BAE for 
onboard aircraft autonomy,” including vehicle control and sensor 
management, said David Hiltz, Chief Engineer for BAE Systems’ 
Fusion, Battle Management & Computing (FBC) Technology Group. 

The new drone course, Unmanned Air System–Synthetic Aperture 
Radar (UAS-SAR), sponsored by Raytheon’s Space and Airborne 
Systems, introduced students to radar imaging as they built and 
flew a radar on a small UAV and used it to image objects around 
campus. As with all eight courses, the students worked in small 
groups alongside engineer-mentors. The online segment focused 
on building a solid foundation in the fundamentals of UAV flight, 
as well as linear algebra and coordinate transformations. It also 
addressed the fundamentals of radar, including the Doppler 
Effect, and provided an introduction to the software tools used 
in radar processing. 

“Our sponsorship supported the development of this new course 
as well as operational costs,” according to company spokesperson 
Melissa L. Parker. The four-week summer program featured a mix of 
lectures from radar experts and hands-on laboratories with mini-
capstone milestones at the end of each week. “Students learned 
to interpret radar imagery, assess image quality, and understand 
what features are most clearly imaged,” Parker added. 

BWSI students got to show off their skills on the program’s last 
day. The Autonomous Air Vehicle group raced drones around 
obstacles on an LED-illuminated oval track. The UAS-SAR course 
used their quadcopters’ radar to find and image an object 
obscured by a tarp. Teams in the autonomous race car course ran 
time trials for a Grand Prix race at the end of the day. Students 
from the remaining courses set up booths to describe and explain 

their projects to visitors. Students from Mexico, Canada, and from 
a high school on Cape Cod in Massachusetts, who participated in 
the courses remotely, traveled to the MIT campus to take part in 
the last day’s activities. 

“In all eight engineering courses, the students far exceeded our 
expectations,” said Shin, validating Beaver Works’ belief that there 
is no limit to what STEM-focused high school students can achieve. 
“Our vision is to make this opportunity available to all passionate 
and motivated high school students everywhere,” he added. To 
that end, MIT and Beaver Works are offering to work with more 
high schools in the future and help other universities develop 
their own local STEM programs using the BWSI curricula. He noted 
California Institute of Technology and NASA’s Joint Propulsion Lab 
in Pasadena, California, have expressed some interest in Shin’s 
offer to share with other academic institutions the templates of 
MIT’s high school STEM courses, free of charge. 

Caltech already offers STEM programs for students ranging from 
kindergarten to high school. Caltech’s six-week Summer Research 
Connection (SRC) brings high school students and teachers to 
campus to conduct research in a dozen labs in fields ranging from 
chemistry, physics and materials science to chemical engineering, 
astronomy and planetary science. 

The combination of academic challenges and hands-on projects 
paid off, according to Beaver Works staffers and corporate 
volunteers. “I was really amazed at what they accomplished in 
these four weeks,” said Victor Tom, another chief engineer at BAE 
Systems. “These are complicated systems that these teens from 
all over the country [handled]. They were quoting techniques and 
optimization things that I didn’t get exposed to until MIT grad 
school,” he said. 

STEM Issues
Beyond getting young people interested in STEM studies, the 
Beaver Works program has been trying to encourage more girls and 
young women to study STEM subjects in high school and college, 
and increase the small number of women seeking careers in STEM 
jobs. Tom noted: “We had at least one girl, sometimes two, on each 
team, so these were good diverse teams.”

The autonomous drone teams pose with their mentors and instructors, including 
personnel from BAE Systems, which sponsored the course, one of eight at the 
2018 Summer Institute. (BAE Systems photo)

A student analyses imaging data 
after a drone test flight in the UAS 
Synthetic Aperture Radar course at 
Beaver Works Summer Institute 2018. 
(Raytheon photo)
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“A big challenge for our industry is the fact that women constitute 
only 29% of the science and engineering workforce,” said Barbara 
Borgonovi, Vice President of Integrated Communications Systems 
at Raytheon’s Space and Airborne Systems. “We have to get those 
numbers up because the challenges we are facing are only getting 
tougher, and our need for talent is higher than ever.”

Women are underrepresented in some STEM job areas, like 
engineering, but in others they match or exceed their share in 
the US workforce overall, according to an analysis by the Pew 
Research Center published in January 2018. Using US Census 
data, Pew researchers determined that women comprise three-
quarters of health care practitioners and technicians, the largest 
occupational cluster classified as STEM in Pew’s analysis — with 
6.7 million women out of the 9 million workers in the field. 
However, women remain underrepresented in engineering, 
making up just 14% of the workforce, only 25% in computer 
science and 39% in physical science.

A big goal for BWSI is to attract more female students. “We tried 
really, really hard this year, but it’s about the same as last year 
[2017],” said Shin. While there were more female applicants in 
2018, the program doubled in size, so the percentage of girls in 

the Summer Institute remained between 25% and 30%, he said, 
adding “Our goal is to make it 50/50.” The program seeks a 1-to-1 
ratio from participating high schools. “If they submit one male, 
we ask them also to submit one female,” said BWSI Manager 
Lisa Kelley.

Shin said the Beaver Works wants to present STEM to a wider 
student population; reach out to rural and inner-city schools; 
spread the word to schools across the country and enlist other 
colleges and universities in MIT’s campaign to encourage 
STEM studies. 

Besides strengthening the US’s economy, technology innovation 
and national security, companies like BAE and Raytheon say it’s 
in their own best interest to support STEM education in general 
and the Beaver Works program in particular. “Through robotics, 
through the BWSI, we connect with the students early, and then 
when they’re applying for internships next summer, they’re 
interested in working with BAE because now they know about 
us. And they get to apply their interests in software and systems 
engineering to real challenges that we have for them here,” BAE’s 
Hiltz said. 

For the summer of 2018, BAE Systems brought in 300 interns, 
with about 200 of those interns working in New Hampshire or 
Massachusetts. Raytheon has established a new internship 
program linked to BWSI. “We’re selecting two students from 
Beaver Works to join us next summer at Raytheon BBN 
Technologies. There, they’ll get the chance to tackle projects in 
artificial intelligence, machine learning, robotics and more,” said 
Borgonovi. 

What’s Next?
In addition to the Summer Institute, Beaver Works is also 
extending project-based learning opportunities to local K–12 
schoolchildren. Among these offerings have been a robotics 
workshop for an all-girl FIRST (For Inspiration and Recognition of 
Science and Technology) LEGO League team, a hands-on camera-
building activity for high school girls, and a one-day workshop on 
radars for students in middle school.

“In the coming years, we will integrate new programs into this 
initiative, increasing participation substantially. We will support 
high school STEM teachers who use our teaching materials to help 
better prepare their students for college and beyond. We will also 
help other universities and high schools create similar programs, 
working to build a network of institutes to collectively 
improve engineering education worldwide,” Shin said.

Surrounded by safety netting in the MIT drone hangar, a 
student team launches a drone they built, equipped with 
a student-developed synthetic aperture radar, on a test 
flight. They built the drone to scan objects and collect 
data. (Raytheon photo)

Barbara Borgonovi, vice president of Integrated 
Communications Systems at Raytheon’s Space and Airborne 
Systems, addressed 200 MIT Beaver Works students and 
their instructors at a dinner capping Raytheon Day at the 
2018 Summer Institute. (Raytheon photo)
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