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The Excel team used a model of 
students teaching students to 
reinforce their own knowledge, to 
reflect on the process of learning, 
and to develop 21st century 
college, career, and life readiness 
competencies. Each semester, the 
students designed bootcamps to 
deliver to middle school students. 
These bootcamps translated their 
own semester’s learning into an 
educational experience for 6-8th 
graders. 

The first semester bootcamp was 
focused on STEM basics and the 
computational thinking elements 
described previously. The second 
semester bootcamp was focused 
on coding. Both bootcamps are 
detailed in the case study section.

The bootcamp 
experience

6       
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PURPOSE The students delivered two bootcamps to over 1500 
middle school students across the district — one in 
each semester. The purpose of these bootcamps 
was to serve both the high school and middle school 
students.

Deepen high school students’ mastery of 
content

Build high school students college, 
career, and life readiness competencies

Engage middle school students in STEM 
learning and pathways

Increase interest in Excel High School for 
rising 9th graders

The process of developing the bootcamps 
was driven by the students.

High school students 
were first taught the 
content through class-
room work directed by 
YPP and Ms. Kimsey.

Once the basic architecture 
was determined, the students 
formed small teams, each 
focused on a content area. 
These teams were responsi-
ble for developing the tools 
to teach this content to 
middle school students.

The students prototyped the 
bootcamps on their Excel peers 
and visiting adults. Prototyping 
helped them to understand op-
portunities for iteration — large 
and small, from how content 
was discussed to identifying 
tools needed.

The bootcamp was rolled 
out across middle schools. 
Students arrived in advance to 
set up. Middle school classes 
rolled through across multiple 
periods, and then students 
packed up.

While still onsite and/or back 
in their normal classroom, the 
class debriefed on the experi-
ence, reflecting on what went 
well and what didn’t.

They then designed the bootcamp, 
considering how to create experiences 
for middle school students to encom-
pass the range of content. This process 
was highly collaborative and spurred 
debate in the classroom about how best 
to engage students in the topics they 
were teaching. Students wrestled with 
issues such as how linear vs. modular 
the experience should be and how to 
pace information.
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USE A DESIGN PROCESS  
TO CREATE BOOTCAMPS

Students are responsible for designing the bootcamps, 
from the overall flow and concept to the creation of 
specific activities. Students are engaged in developing 
the conceptual framework for each bootcamp down 
to developing content that they would deliver. 

Learn

Students engaged in their own learning of content.

Explore

Students develop ideas for the bootcamp models,  
including concepts to teach, potential activities to 
teach these topics, and overarching flow and models 
that represent how these concepts connect to each 
other.

Prototype

Students prototype the bootcamp. It can be tested 
with their peers or adults who are not immersed 
in the coursework. Excel additionally developed a 
relationship with the Perry K-8 and prototyped both 
bootcamps with Perry middle school students. Create 
simple tools to capture feedback on the bootcamp 
prototype. 

Refine

Students refine the bootcamp design based on 
feedback on the prototype. The finalize their require-
ments for execution (e.g. supplies, technology) so that 
instructors can manage logistics.

Deliver

Students deliver the bootcamp. They deliver content, 
guide students through the bootcamp, are responsi-
ble for answering questions, engaging students, and 
managing disruptions.

Debrief

After each bootcamp, the class reflects on the  
experience and potential iterations prior to the  
next execution.

THE BOOTCAMP EXPERIENCE
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SUPPORT STUDENTS BY  
MANAGING BOOTCAMP  
LOGISTICS

While students own the content, the adults are respon-
sible for supporting with logistics. This includes:

Coordination with schools
Scheduling with middle schools, setting expectations, 
and ensuring that the environment can support the 
bootcamp. Be mindful of ELL classes where there may 
be additional support required to execute effectively.

Building relationships

Partnerships with middle schools not only allow both 
schools to support bootcamps, but also provide the 
potential for stronger ties between the schools and 
progressive student development. For example, Excel’s 
relationship with the Perry K-8 has made it possible 
to develop one of the 8th graders who received the 
bootcamp last year into a leader in this year’s 9th grade 
CS cohort.

Technology

For Excel, the bootcamp required consistent, stable 
internet access to enable the full range of activities. Be 
sure this is available in the middle school setting and in 
the space where the bootcamp will occur.

Space

Excel designed bootcamps that flowed students across 
a series of stations. For this design, a large open space 
prevented bottlenecks. Make sure that the space at the 
middle school will work for the design of the boot-
camp — or adjust as needed.

Materials

Ask students to clarify what materials they will need 
to conduct their designed activities. Refine these after 
prototyping. Additionally consider the furniture neces-
sary from the middle school to support the bootcamp.

Bootcamp guide

Provide a map for middle school students to be able to 
navigate the bootcamp independently. This can also 
serve as scaffolding for learning and for demonstrat-
ing how the range of activities fit together into larger 
concepts.

Sample materials

Samples of Excel’s materials are available at: 
https://www.excelhighsb.org/stem-curriculum
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The first bootcamp focused on STEM basics and com-
putational thinking. In the course, as in the bootcamp, 
the goal was to expose students first to foundation-
al elements of STEM that would inform their future 
coding work.

Five bootcamp stations focused on:

Flagway

The Flagway game is a flexible platform that makes 
math tangible for students. Based on the Mobius Func-
tion, which categorizes natural numbers into three 
mutually exclusive categories, the Flagway game lays 
out a branching tree structure on the floor with red, 
yellow, and blue pathways creating a lattice. Students 
physically explore this lattice with math functions as 
the driver.

Factor tree race

In this game, two contestants were given white boards 
and markers to race each other in factoring numbers. 
Simple in its intent and execution, the factor tree race 
inspired heated competition in participants.

Fermi problems

Fermi problems ask students to use approximation 
and a series of estimations to make informed guesses 
on quantities. For example, in the bootcamp, students 
were asked to estimate how many animal crackers 
were in a large jug, and to guess how high a rocket 
would fly based on angle and force of launch.

Coding

Using Code.org as the engine, this station gave stu-
dents the opportunity to code, working towards an 
objective that the high school students had designed. 
Drag and drop blocks make coding immediately ac-
cessible.

STEM mini games

This station showcased games that the high school 
students had designed. Middle school students had 
access to a range of simple computer games created 
by the high school students.

BOOTCAMP ONE:  
STEM BASICS

THE BOOTCAMP EXPERIENCE
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The second bootcamp focused on the coding 
language Python. Four stations ringed the bootcamp 
space (typically a gym), each focused on a component 
of the Python language:

Print

At this station, students learned about the print func-
tion, which makes things appear on screen, as well as 
arithmetic operators.

Strings

At the string station, students learned that a string is 
any characters or text between two quotation marks.

Variables

Students learned that variables in programming can 
represent both numbers and words, a value that can 
change.

Input functions

At this station, students learned that inputs are 
prompts for users to store values into the program.

Students had cycled through each of the learning  
stations to learn the basic ingredients of Python.  
They then put this to use at the Testing Station. 

Testing station

At the testing station, students were provided with 
three tiers of activities (from basic to more advanced) 
as well as high school students to support their work.

Badging center

As students moved through the stations, they collect-
ed “badges” (stickers) at the badging center. Students 
who received three or more badges were entered into 
a raffle.

Robotics station

Finally, there was a station that highlighted the re-
al-world applications of these coding essentials that 
the students were learning. Hosted by Excel’s robotics 
club, this robotics station allowed students to explore 
a handful of robots, from ready-made examples to a 
robot that the team had built itself.

BOOTCAMP TWO: 
CODING
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High school students were enthusiastic about the 
bootcamps and were happy to share their experiences 
teaching other students. Using Boston’s definition of 
college, career, and life readiness, students reflected 
on where the bootcamps helped them to grow.

BENEFITS

Work with others

Students emphasized the challenges and uniqueness 
of the high degree of collaboration required by the 
bootcamp experience. Students said that communi-
cating with peers and with middle school students 
was central to this. They also called out the need to 
relinquish control, allowing their peers to manage their 
piece of the work, even if their approaches didn’t align.
At the same time, the spoke about the challenges of 
collaborative work. In some groups, a leader naturally 
emerged, and this person talked about the need to 
look collectively across the work that individuals were 
doing, to be the connective tissue between this work, 
and to be the driver of the work. “I kind of interfered 
with everyone. [If they didn’t do their work] I have 
to remind them or do it for them,” said one of these 
group leaders. 

Empathy was another quality emphasized here, espe-
cially for teachers. Students highlighted the challenges 
in teaching and in managing disrespectful and disen-
gaged students.

1

2

3

THE BOOTCAMP EXPERIENCE

Changing course

Students reflected on the need to change course and 
adapt their approach in the flow of a bootcamp. Many 
highlighted an experience with an ELL class running 
through the bootcamp, which had not been anticipated 
in advance.

The two Spanish-speaking high school students were 
thrown into action. One was at a station and unable 
to flex. The other, however, was in a “helper” role, 
intended to float across stations. Students shared that 
this student “stepped forward” and did his best to fill in 
as a translator.

Though they didn’t feel this bootcamp was as suc-
cessful as others, students highlighted their collective 
ability to receive unexpected events and respond to 
them.

Set a vision

Students talked about the importance of vision-setting 
in this work. They worked to create a vision for what 
they wanted middle school students to learn and had 
clarity around what type of learning they sought for 
these students. “Seeing kids actually trying to code” or 
students asking questions, for example, demonstrated 
that their vision for learning was successful. On the 
other hand, students “just coming to copy” where they 
weren’t engaged in any coding or STEM insight was 
an example of when the depth of learning was not 
achieved.

Students shared ways that this experience helped them 
build confidence, as they practiced skills they may not 
have been comfortable with previously, such as public 
speaking.
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Many of these benefits are aligned in 
BPS' definition of college, career & life readiness
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Backdrop

STEM and Computer Science are 
recognized as critical ingredients 
for students graduating into our 
innovation economy. 

Approaches to these content areas 
are being explored independently 
by schools across the district with 
a range of partners, curricula and 
design principles. In this playbook, 
we share the approach developed 
by Excel High School in partnership 
with the Young People’s Project 
(YPP) with support by the GE 
Foundation. We provide here 
recommendations for schools 
interested in the approaches 
explored by Excel as well as a  
case study of the program pilot.

16       
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THE PILOT Excel’s turnaround plan takes a Linked Learning 
approach, integrating rigorous academic work with 
work-based learning experiences. Within its Emerging 
Technologies career pathway, computer science is a 
critical ingredient. 

With this backdrop, Excel and YPP crafted a new 
Computer Science elective for 9th grade students. This 
class brings together foundations of computer science 
with project-based learning opportunities provided 
through bootcamps in which 9th graders teach middle 
school students essentials of STEM and coding. 

PURPOSE The pilot was designed to address a few key objectives:

Bringing together STEM content with the 
ways of working in STEM careers

The course designers approached computer science 
not only as a set of knowledge and skills, but as an 
approach to problem-solving. They created projects 
that required students to work in ways that STEM 
professionals work: collaboratively, adaptive, and 
self-directed.

Engaging students through near-peer 
relationships

The course was designed and taught by a YPP instruc-
tor with support from a team of YPP trained STEM 
Literacy Workers, current college students. This near-
peer model is central to YPP’s work, and it creates a 
different type of relationships between students and 
instructors. These relationships support the proj-
ect-based approach to classwork described above.

Using teaching as a mechanism for 
learning

This near-peer model was leveraged again in the 
course by providing opportunities for the 9th grade 
Computer Science students to teach the concepts they 
were learning to middle school students. 

1

2

3
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A foundational 
approach to 
computer 
science

In some classrooms, the emphasis 
in computer science becomes 
about creation, the satisfaction 
of being able to manipulate 
digital experiences or the tangible 
outcomes of digital artifacts. While 
the students in the Excel classroom 
explored these aspects, the focus 
was on the ways that computer 
science introduces students to a 
model for how to think.

Computer science is a powerful 
content area not only because 
of the hard skills it embodies 
but because of the foundational 
problem-solving capabilities it 
represents.

“Everybody in this country 
should learn to program a 
computer, because it teaches 
you how to think.” 

Steve Jobs

18       
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START WITH  
COMPUTATIONAL THINKING

The Excel course focuses on developing computation-
al thinking skills as a platform for computer program-
ming. Computational thinking is a problem-solving 
approach that undergirds programming languages. It 
is also applicable to fields and practices well beyond 
computer science or coding. 

For the Excel course, computational thinking was 
introduced through activities that allowed students 
to explore and become familiar with these practices 
of abstraction, data analysis, and modeling problems. 
These included these elements of computational 
thinking (see left). 

Computational thinking includes... 
(Thinking broadly beyond computers)

Abstracting problems so 
that computers can work 
with them.

This requires analyzing ideas and  
challenges so that the core issues  
can be modeled.

Creating algorithms to 
manipulate these abstract 
representations 

This is about creating models that 
allow data to be explored.

Identifying solutions This problem-solving approach can 
be used to program computers or to 
tackle non-digital challenges.

FlaywayTM Game

The Flagway Game is used by YPP to engage students across the country 

in mathematical thinking and computation. The game involves prime 

factorization of numbers categorized by the Mobius Function.

Fermi problems

Fermi problems are difficult or impossible to solve exactly, requiring 

instead reasonable estimations. 

Decomposition

Process of breaking problems down into smaller parts or steps

Pattern recogniztion

Observing pattern or regularities in data 

Algorithm Thinking

Developing the step by step instructions for solving a problem  

and similar problems

Functions

Understanding or finding function relationships in data

Efficiency

Examining if a set of steps is the most efficient to achieve a goal

Human programming

Instructing another person to complete a task as a metaphor for  

computer programming



20       

MAKE LEARNING  
EXPERIENTIAL

The course uses a six-step process based on the theories 
of experiential learning:

A FOUNDATIONAL APPROACH TO COMPUTER SCIENCE

Shared event
a common formal or 
informal learning event

step 1

Shared visual 
representation
developing shared 
visualizations of the 
concepts

step 2

Reflections
using “people talk” to 
reflect on the concept

step 3

Formal language
introducing formal 
mathematical or CS 
language

step 4

Symbolic 
representation
providing symbolic 
representations

step 5

Application
putting abstract 
concepts into use

step 6
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CONNECT CLASSROOM 
WORK TO STEM FIELDS

This approach to computer science and to experiential 
learning lends itself to a consideration with students 
of how these core capabilities connect to a range of 
STEM fields. Allowing students opportunities to reflect 
on the potential applications of these core concepts 
can help them connect classroom work to a range of 
STEM fields and roles.

Additionally, the Excel team sought ways to integrate 
real-world applications of STEM into the bootcamps. 
The second-semester bootcamp included a robotics 
station that highlighted how the coding concepts 
represented in bootcamp could be applied.
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The Excel team used a model of 
students teaching students to 
reinforce their own knowledge, to 
reflect on the process of learning, 
and to develop 21st century 
college, career, and life readiness 
competencies. Each semester, the 
students designed bootcamps to 
deliver to middle school students. 
These bootcamps translated their 
own semester’s learning into an 
educational experience for 6-8th 
graders. 

The first semester bootcamp was 
focused on STEM basics and the 
computational thinking elements 
described previously. The second 
semester bootcamp was focused 
on coding. Both bootcamps are 
detailed in the case study section.

Learn to teach, 
teach to learn

“If you can’t explain it simply, 
you don’t understand it well 
enough.” 

Albert Einstein

22       
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APPROACH BOOTCAMPS  
AS A METACOGNITIVE  
OPPORTUNITY

Students teaching others is an opportunity for the stu-
dents to examine their own learning. The need to artic-
ulate concepts to others helps students investigate the 
idea more thoroughly. Watching others understand, 
struggle, or skim over a concept highlights for students 
what meaningful learning involves.

Bootcamps are also an experiential way to represent 
concepts. Each bootcamp is comprised of a set of ac-
tivities that allow middle school students to play with 
core concepts. By designing both the activities and the 
overall flow of how middle school students will move 
across these activities, the students wrestle with larger 
challenges of how discrete information fits together 
into bigger concepts or applied usage.

VALUE THE WORK OF  
THE STUDENTS

In the Excel pilot, students were paid for their work de-
livering bootcamps. The concept of students as STEM 
workers is an important part in the YPP model as well. 
It demonstrates the value of STEM in the economy, 
introduces students to the world of work, and places 
monetary value on their contribution to classrooms.

Finding a way to tangibly value the work of students 
in designing and delivering bootcamps demonstrates 
that you recognize the contribution these students 
are making. It reflects that these bootcamps are both 
a part of their own learning and a commitment to the 
learning of other students.



24       

Computer science is not only 
a content area, but a way of 
approaching problems and solving 
them. In this course, the Excel/
YPP team sought to integrate 21st 
century skill building into the class. 
These 21st century skills were not 
layered on top of the STEM content; 
they were deeply integrated into 
how the course was structured, how 
students worked, and the role of 
adults in the process.

Integrating 
college, 
career, and life 
readiness into 
coursework

24       
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MAKE LEARNING MIRROR  
THE WORLD OF WORK

Design a classroom that functions in ways that were 
similar to the STEM organizations where students may 
one day work. This means that students are asked 
to work in perhaps-new modes and the instructors’ 
roles are different from a traditional classroom. This 
includes:

1

2

3

4

MAKE 21ST CENTURY TOOLS  
THE LANGUAGE OF THE 
CLASS

Use the tools of STEM workplaces as foundations for 
the course design and work. This can include the use 
of Google classroom to store work, collaborate and 
communicate. Authentically integrate this into the class 
workflow and use it as the engine for work.

Project-focused

Ask students to solve problems and complete tasks 
towards larger project objectives. In the case of Excel, 
this was towards the objective of designing bootcamps 
for middle school students. 

Provide students with opportunities to express 
preference around both overall course direction and 
particular areas of interest. This allows instructors to 
focus coursework and projects and to construct the 
teams of students.

Incorporate team-based work

Ask students to think of their work both as part of a 
team and individually. This team-based approach to 
work requires that students develop collaborative 
skills, including the ability to communicate with peers, 
the ability to lead or be led, and to direct their own 
learning as part of a team.

Recognize the challenges of team-based work. Some 
students tend to naturally take on leadership or 
presentation roles and this may need careful design 
of teams to control for. Distribution of work across 
a group can be uneven, so there should be ways to 
account for both team and individual outputs. 

Shift instructor roles

The instructor and STEM Literacy Workers in the Excel 
course engaged students in part with their proximity to 
youth culture and near-peer relationships. But they also 
took on roles that were appropriate to this project- and 
team-based classroom culture, serving as coaches and 
guides for student-driven work.

Value student voice

This project- and team-based work emphasizes an 
authentic approach to incorporating student voice 
and choice. For Excel, this included routinely invit-
ing student feedback (primarily through surveys) and 
adapting the course focus based on students’ inter-
ests. For other schools, there are opportunities within 
each bootcamp to shape to student preference. For 
example, the station that provides an example of a 
real-world application of STEM or coding is highly 
adaptable according to student passions.
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3 School Year 
2017-2018 Pilot

Case Study:



       27 DRAFT

STEM INTERNSHIPS PLAYBOOK       27CODING BOOTCAMPS PLAYBOOK

3 Case Study:
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Central to its turnaround strategy, 
Excel High School is pursuing a 
Linked Learning approach to high 
school. Linked Learning brings 
rigorous academics alongside 
career pathways, engaging students 
in learning by helping them to see 
how classroom work relates to the 
real world.

Excel’s Computer Science elective 
exemplifies the principles of 
the Linked Learning approach 
and pushes boundaries with an 
innovative approach to connecting 
students to content. With support 
from the GE Foundation, Excel 
partnered with the Young People’s 
Project to design and develop the 
course and to pilot it in the 2017-
2018 school year.

Computer Science exposed 9th 
grade students to STEM essentials, 
computational thinking, and 
foundations of coding. Layered on 
top of this content focus was the 
expectation that students create 
and deliver STEM bootcamps for 
middle school students across BPS. 

Overview

28       
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CORE PRINCIPLES
The pilot was designed around a handful of core 
principles:

Leverage “near-peer” learning

The students were sandwiched by near-peer learn-
ing experiences. YPP’s model brings recent college 
graduates and college students into the classroom as 
teachers. And the high school students were put into 
teaching roles for middle schools students during the 

Engage students in real-world  
STEM experiences 

The course was designed to provide ways of under-
standing this STEM and coding content in modes that 
attempt to feel more like the world of work and less 
like a traditional classroom. For example, students 
were often given collaborative projects or tasks to 
complete.

Provide vehicles for student voice  
and choice

Student agency was celebrated and designed for 
throughout the course. Tools such as online surveys 
and class discussions allowed instructors to guage 
student interests. With this insight, the focus of course-
work and depth of learning in various units was ad-
justed and iterated throughout the year. For example, 
the going-in expectation was that these beginning 
students would not be prepared to dive deeply into 
the Python programming language. Python, however, 
became their primary interest and so the course turned 
to focus on this.

1

2

3
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The pilot of this course and the 
bootcamps revealed lessons that 
can inform future iterations of the 
program. 

Lessons 
learned

30       
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LOGISTICS

STUDENT EXPERIENCE

CONTINUITY AND GROWTH

The planning and logistics for the bootcamp were 
significant. At Excel, Tracey Kimsey, Director of Work-
Based Learning co-taught the class and led many of 
these operational tasks. 

• Technology was essential, as many of the boot-
camp stations relied on stable wifi to be able to 
function smoothly. 

• Consistent and reliable space was also essential. 
The course needed tech-enabled space that could 
accommodate team-based work.

• Scheduling and coordination with the middle / 
elementary schools was a meaningful commit-
ment of time and energy.

Students expressed positive reactions to the structure 
and experience of the class, as well as sharing oppor-
tunities to refine in moving forward.

• Students showed an appetite for more content to 
balance the time they spent executing boot-
camps. 

• The class was offered as an elective, and admin-
istrators at the school are considering how to 
market the class to incoming freshman to recruit 
more participants.

• The reflection and internalization of knowl-
edge that the bootcamps allowed students to 
do for their STEM and coding know-how could 
be replicated for the college, career, and life 
competencies they were developing. For example, 
greater scaffolding on team-based work would 
help students be more effective and recognize 
their growth.

As a pilot, this program was experimental in nature, 
intended for learning and development. In this first year, 
students and adults were learning and shaping together 
in real time the details of the bootcamps.

• Now that a framework exists for bootcamp design 
and development, future classes can move more 
efficiently towards execution. 

• High school and middle school staff in both high-
lighted opportunities to provide more bridges for 
middle schoolers before/after the bootcamps to 
investigate the content.

• Excel is building a 10th grade computing class so 
that these students have a trajectory to continue 
on.
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