
Welcome to the Design & Pitch Challenges in STEM!

Whether this is your first time implementing a Design & Pitch Challenge or your ninth,
we are excited to have you on our team of innovative practitioners who are bringing
entrepreneurship and career readiness to the forefront of STEM. In this document, you
will find a variety of resources that will help you implement the Design & Pitch
challenges with your students. These resources include:

1. an overview of the Design & Pitch (D&P) Process with all Challenge Links;

2. a breakdown of each phase of the process in the context of the Routes
Reimagined challenge;

3. teacher tips from the D&P team and other teachers who have implemented the
challenges in their classrooms.

This guide is specifically designed around Routes Reimagined, which is one the nine
D&P challenges aligned to high school mathematics standards. In the Routes
Reimagined, students will design a navigation app that allows users to map out routes
based on criteria they value for their trip. While completing this challenge, students will
model distance, travel time, and estimated time of arrival using linear functions.

Learn About the Model
If you are using Design & Pitch (D&P) Challenges for the first time, you will want to
familiarize yourself with the D&P model and some things to expect when running any
challenge. To do that, go check out our Model Overview document. It will tell you all
about general implementation strategies, potential pacing, and things you will need to
prepare before launching a challenge.

After you feel familiar with the D&P model in general, come back to this document to
learn all about the Routes Reimagined challenge. In this guide, you will find information
about each phase of the challenge (Launch, Research, Prototype, Justify, and Pitch).
Additionally, you will find tips for things to look out for or try to draw out of your students
as they engage with the challenge.
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Routes Reimagined: Complete Links
This table includes all links contained in the Routes Reimagined challenge. It is
intended to be a handy reference that you can return to quickly find what you need. The
links will be explained in detail throughout the remainder of this teacher guide.

NCSU Website - Routes Reimagined

Launch

● Set the Stage - Champion Video
● Challenge Statement
● Designing Solutions - Process Overview
● Role Model Video - More Info from Champion
● Think About It Questions

Design
Research Prototype Justify

● Background Video -
More Info from
Champion

● Helpful Resources
● Business Models
● Think About It

Questions

● Math Resource
○ Modeling Travel

with Linear
Functions

● Technology Tools
○ Google Earth
○ Google Maps
○ Desmos

● Think About It
Questions

● Key Business
Proposition (KBP)

● Technical Brief
● Technical Brief Rubric
● Think About It

Questions

Pitch

● Tips for Planning a Pitch
● Example Pitch Decks

○ AirBnB
○ YouTube
○ Podozi

● Pitch Judging Rubric
● Think About It Questions

Return to Table of Contents
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https://docs.google.com/document/d/1xoOZe-1B3bd7gqc_tmZzbTREmsOKni8Gg-NdMJe6Q5Y/copy
https://sites.ced.ncsu.edu/design-and-pitch/challenges/high-school-challenges/reduce-reuse-repurpose/reduce-reuse-repurpose-pitch/
https://sites.ced.ncsu.edu/design-and-pitch/wp-content/uploads/sites/13/2020/05/How-to-Build-Your-Pitch-PDF.pdf
https://sites.ced.ncsu.edu/design-and-pitch/wp-content/uploads/sites/13/2020/05/Pitch-Example-Air-BnB-PDF.pdf
https://sites.ced.ncsu.edu/design-and-pitch/wp-content/uploads/sites/13/2020/05/Pitch-Example-YouTube-PDF.pdf
https://sites.ced.ncsu.edu/design-and-pitch/wp-content/uploads/sites/13/2020/05/Pitch-Example-Podozi-PDF.pdf
https://sites.ced.ncsu.edu/design-and-pitch/wp-content/uploads/sites/13/2020/05/Pitch-Judging-Sheet-PDF.pdf


Challenge Overview
In the Routes Reimagined, students learn how to use linear functions to model distance,
travel time, and estimated time of arrival. Use this guide to learn tips and strategies for
implementing the Routes Reimagined challenge with your students. We hope you have
fun imagining the next life for all of these waste items with your students!

Target Grade Level: Discipline or Course
(Audience):

Math Topics:

Grades 9 or 11-12 Intended for: Algebra 1,
Math 1
Potential Additional
Mathematics Connections:
Algebra 2, Math 3, and
Math 4
Potential Interdisciplinary
Connections: Computer
Science; Health

Modeling travel using
linear functions.

Key Vocabulary:
Linear functions, piecewise functions (for Math 3 and Math 4), rate of change,
intercept

Return to Table of Contents
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Once you have selected and prepared for a challenge, it is time to Launch the challenge
with your students. Each challenge includes a Challenge Statement video, in which the
Challenge Champion (each challenge has a unique Champion to guide the students
through the challenge) establishes the context or problem and formally issues the
challenge. In Routes Reimagined, Cartographer, GIS Specialist, and Geographer from
National Geographic Alison DeGraff Ollivierre explains why what we choose to include
in a map or route is important and introduces the components of the challenge.

Challenge Statement

Scenario
Following the Challenge Statement video is a Scenario section, where the challenge is
briefly summarized for the students. This section also begins to explore the significance
of the issue so as to convince students that this problem deserves their attention. In the
Routes Reimagined challenge, for example, students are introduced to the limitations of
navigation apps as a way to establish the need for an entrepreneurial solution. This
section also discusses some of the criteria students might consider in designing their
apps. The purpose of this section is to get students interested in finding their own
solution to the problem.

As you launch the challenge with your students, you might consider showing them
additional videos that emphasize the issues in this challenge. For example, you might
show videos or images of city streets packed with pedestrians paired with
videos/images of locations that are popular with students but less frequented by people
outside their communities. You might also ask students to consider and discuss the
implications of navigation apps that prioritize efficiency or are designed by people
unfamiliar with a community. The goal of this conversation is not to convince students
that they need to build better versions of existing navigation apps. Rather, this
conversation is an opportunity to convince students that there are opportunities to build
a different kind of navigation app that prioritizes or highlights criteria that are more
meaningful to them and their communities. We use the term “community” to mean the
groups who help students define their identities. These could include things like their
interests, neighborhoods, ethnicities, or cultures, clubs or sports, gender identity, etc.
The goal here is to tailor this section of the challenge to your students’ interests and
grab their attention; this is the time to bring out your teacher ‘hook!’
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Challenge
The final piece of the statement of the specific design challenge students need to
address. This section outlines the challenge and describes the criteria for a successful
solution. While the students are encouraged to be innovative in their solutions, there are
requirements that they will need to meet. Primarily, these requirements ensure students
are engaging with the targeted math concepts. For Routes Reimagined, these concepts
relate to writing, interpreting, and representing linear functions (for Math 1/Algebra 1).
For Math 3 and Math 4 classes, the challenge can also be used to explore piecewise
functions through representing a multi-leg trip with a single function.

Brainstorming

As you introduce the challenge to your students, it is important to allow them to
brainstorm along the way. They might be thinking about issues they find important or
possible solutions, business strategies or about the final pitch, and questions they have
or things they will need to know along the way. As such, they might need help
organizing their thoughts, and brainstorming as a class or small group can help them do
this. One strategy is to ask them to discuss things they noticed in the video and
challenge statement. Another strategy is to have them discuss things they still wonder
about. If students have already been organized into groups, you can have them record
their brainstorming somewhere that will be accessible for all group members; if you are
brainstorming as a class, you might consider recording ideas on a poster board or
bulletin board so the class can refer back to their original thoughts later. These thoughts
can include words, pictures, or anything else the students come up with during their
brainstorming session.

Group Norms and Expectations

After teams have been formed, it is also important for members to discuss norms and
expectations for their team in order to develop accountability. This can be done during
the brainstorming session or after, but it is important to have teams set their
expectations early in the process so that they can be referred back to as the challenge
progresses.
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The Process: Designing Solutions
The Designing Solutions document provides a structure for students to follow as they
progress through the Design & Pitch Challenges. Each challenge follows the same
structure, so once students are familiar with this document, they will be able to navigate
all of the Design & Pitch Challenges. While this is not an activity in and of itself, you
might choose to have students begin by exploring this outline. What do they notice?
What do they wonder? This exploration, should you choose to do it, can be done on
their own, in small groups/teams, or as a whole class. There is also a PDF version of
this document in case you or your students do not have access to the internet during
work time.

Think About It

Description: Time Frame: Suggested Grouping:

Formative questions to
facilitate student
understanding and
reflection of the current
phase of the challenge.

5-10 minutes Individual or Small Group

Each phase of the competition includes a set of “Think About It” questions that are
intended to help students understand and reflect on this phase of the challenge and
move on to the next phase. Specifically, these questions ask students to think
about preliminary ideas they might have for a solution as well as information they
might need to develop a solution that meets the needs of their consumers. As
such, we intend for these to be informal questions that students use to reflect on their
thoughts. You can pose these questions in a variety of ways. For example, you might
choose to display them on a whiteboard at the front of the classroom or on a slidedeck
and have students discuss in their groups. You might choose to formalize this
discussion by adding the questions to your learning management system and having
students record their responses via discussion boards or other submissions.
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For the Launch of Routes Reimagined there are two Think About It questions:
1. What ideas do you have for your solution?

2. What information do you need to create a viable solution for your target
consumers?

Additional reflection questions are included to help jumpstart student thinking. For the
Launch of Routes Reimagined these include:

● What aspects of the routes you travel do you find to be the most bothersome?
What aspects are most enjoyable?

● What are some ideas that you wish an app could help you incorporate into your
journey?

● What places in your community might be underrepresented or under appreciated
by people who rely on apps to get around? How could a navigation app help you
share this knowledge with others? Why is this aspect of your community
important to share?

● What modes of transportation (e.g., walking, bicycling, skateboarding, etc.) might
your app support?

● What makes a solution viable?
● Who are your target consumers? How will your app meet their needs? Why

should your target consumers be exposed to this part of your community?
● How will you draw on the knowledge and wisdom of your community in designing

your solution?
● What do you need to know about your consumers before you begin designing

your product?

Return to Table of Contents
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In this section, students start to Research and brainstorm possible solutions to the
problem. They are encouraged to be creative and daring, rather than aiming for
perfection. There are some helpful resources available to them to get them started, but
generally students know how to start looking for the information they need to make their
ideas possible. Thus, as much as possible, step aside and just let them work! It is
perfectly fine if they do not look at any of the links in the helpful resources, but if you
notice any groups getting stuck or unsure how to begin, that can be a great place to get
them curious and inspired.

Helpful Resources

Description: Time Frame: Suggested Grouping:

Students are introduced to
some of the resources and
tools they can use to help
them develop their
solution.

Introducing the Resource:
5 - 10 minutes

Using the Resource:
Varying time frames
throughout the challenge
as students re-engage with
the Helpful Resources.

Individual or Small Group

Key Vocabulary:
Linear functions, piecewise functions (for Math 3 and 4), rate of change, intercept

In this part of the challenge, students will conduct the research necessary to design and
market their solution. We have included several resources on the Design & Pitch
website that students might find helpful as they learn more about waste and existing
solutions. These resources include articles, websites, videos, and more. Students are
encouraged to explore these resources and go beyond those listed on the website to
learn as much as they can about the issues surrounding waste and landfills prior to
designing their solution and as they continue to test and refine their solutions. You might
have to do some research with the students and suggest phrases for them to Google if
they are trying to find additional resources to help develop their ideas and businesses.
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Math Resources
This section also includes links to math resources designed to help students learn the
mathematics needed to build solutions to the challenge. Routes Reimagined includes
math resources that are intended to help students understand and develop the
mathematical skills necessary for this challenge. Specifically, these resources present a
situation related to the context of the challenge and asks students to think about the
math that is happening in the situation, as well as how they might apply the math to their
developing solutions. As such, this resource should be presented to students after they
have begun designing their solutions and are reaching a point where they need to know
more mathematical skills in order to continue designing. Although the math resources
are included in the Research phase of the competition, they are most useful in the
Prototype phase. Thus, detailed description of the math resources, including tips for
using them with students, can be found in the Prototype section of this guide.

Business Models

Description: Time Frame: Suggested Grouping:

Students learn about
different types of business
models.

Introducing the Resource:
5 - 10 minutes

Small Groups or Whole
Class

Key Vocabulary:
Manufacturer, aggregator, retailer, freemium, subscription, nonprofit, consulting

One of the first questions students must answer about their business is how their
solution will reach their target customers. Identifying a business model is key to
answering this question. Consider introducing the need for a business model by having
students brainstorm as many types of businesses as they can think of and describing
how those businesses make money. Then, during the discussion, help students
recognize that each business they mentioned has a way of making money on their idea
and getting their product or service to the consumers who need it. Students will need to
draw on this line of thinking to define how their business will similarly make money and
reach their target consumers.
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For students who are having difficulty describing how their business will make money,
consider giving them the following list of common business models. This list is not
comprehensive; students are welcome to research and select a business model that is
not on this list. To support students to make sense of the document, consider asking
them to identify businesses that fit each category (other than the ones mentioned).

One note about the nonprofit model: Many students think of nonprofit organizations as
not needing to make money, but this is not true. If you have students who choose this
model, you might ask them questions about why a nonprofit needs to make money and
what it truly means to be a nonprofit organization.

Business Model Types Document
There are many ways to run a business. As you think about how to make your business
sustainable, consider these different business model options. Even if you’ve never heard of the
names, you’re probably familiar with many of these models. Not every model will work for every
idea. Think hard, build on ideas, and be creative!

Manufacturer: The company builds a product and sells it to
customers. Revenue (money earned) comes from the customer.
Expenses include materials, labor (e.g. building the product and
making sales), and advertising. The companies that build your
iPod, your favorite skateboard, and your family car use the
manufacturer model.

Aggregator: The company organizes a service offered by many
different people and companies under one brand. For example, Uber
uses the aggregator model because it organizes taxi services under
the Uber name. Revenue comes from a percentage of the ride cost.
The drivers must sign a contract agreeing to follow Uber’s terms.

Retailer: The company buys products from a distributor and
sells them to the consumer. Expenses include the cost to buy
the products, advertising, managing the online or physical
marketplace, and labor. Revenue comes from the customers.
When you buy a new video game from a gaming store, you are
using the retail model.
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Freemium: The company offers a basic service for free, but
charges extra for additional features. For example, you might
stream music for free, but you have to listen to advertisements.
Music without ads is considered “premium” and costs extra.
Revenue comes from advertisers and from premium users.
Expenses include the cost of maintaining the service platform,
labor, and paying manufacturers for the product.

Subscription: The company gets customers to pay a regular fee
for access to their service or product. For example, Netflix uses a
subscription model. Revenue comes from subscribers. Expenses
include maintaining the service platform (e.g., websites, servers,
etc.) or the cost to produce or purchase the product included in
the subscription (e.g., movies), advertising, and labor.

Nonprofit Organization: The nonprofit organization is a business
that is operated for a collective, public, or social benefit. Examples
of nonprofit organizations include: American Red Cross, American
Cancer Society, and Habitat for Humanity. Expenses include
advertising, fundraising events, facilities, and labor. Potential
revenue sources include profit from products and/or services,
donations, corporate sponsorships, and government grants. Any
revenue generated that exceeds expenses (i.e., profit) is
reinvested in the organization and used to extend the
organization’s mission.

Consulting: The company (could be an individual or a
group of individuals) provides services and guidance to
another business in a specific area of expertise. Examples
of some of the types of services consultants provide to their
clients include gathering and sharing information,
recommending solutions to targeted problems, supporting
implementation of recommended solutions, and facilitating
decision making processes. Expenses include advertising,
potential office space, labor, and travel expenses. Revenue

comes from the consulting fees paid by the business that hired the consultant.
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Think About It
Think About It questions serve the same purpose in all phases of the challenge. See the
Launch Think About It questions for a description of how to use the questions. The
Research phase of the challenge includes the following Think About It questions:

1. After reading through the helpful resources, what ideas do you have for your
solution?

2. What problem will you solve with your business solution?

Additional reflection questions are included to help jumpstart student thinking. For the
Research phase of Routes Reimagined, these include:

● Which resource(s) did you find the most helpful or beneficial to you and your
team? Why?

● Which resource(s) sparked the most ideas for you? Why?
● Were you surprised by anything you read? If so, what? How can you use this

new information to help build your solution?
● What problem did you want to solve after reading and watching the Launch

materials? Do you still want to solve the same problem? If so, how did the
resources help you solidify that decision? If not, what made you change your
mind?

● Why did you decide to solve the problem you chose?

Return to Table of Contents
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During the Prototype phase of the design process, students build, test, and refine
prototypes of their solutions. The prototype for this challenge should be an example of a
map that uses examples from the students' local community to show multiple routes
users could choose from based on the different criteria their app offers. The prototype
should also include a trip calculator that automates the calculation of all relevant trip
information, including the route distance, how long the route will take, and an estimated
time of arrival for a given start time. Students typically really enjoy tinkering with their
designs and regularly iterate on the ideas. They are encouraged to test their designs
and get feedback, then make it better based on what they learn. This could happen
through more research, conversations with the teacher and external experts, or
tinkering with the prototype.

Tech Tools

Description: Time Frame: Suggested Grouping:

Students are introduced to
technology that they can
use to help them develop
their solutions.

Introducing the Resource:
10 - 15 minutes

Using the Resource:
Students will refer back to
this document as they
develop their solution.

Individual or Small Group

Each of the D&P Challenges includes Tech Tools that are designed to help students
prototype their solutions and develop a deeper understanding of the mathematical
content embedded in the Challenge. For Routes Reimagined, if you choose to have
your students use it, the Tech Tools for this challenge are Google Earth, Google Maps,
and Desmos. Google earth is a free online tool that allows students to visit any location
in the world, calculate distances and elevations of any route they might like to take, and
create projects that save all of this information for future reference. Google Maps is a
free online tool that automatically calculates the distances from one location to another.
Finally, Desmos is a free online graphing calculator that can help students build
functions to automate the calculation of all trip information.
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Math Resources

Description: Time Frame: Suggested Grouping:

Activity designed to
support students in
learning the mathematics
concepts and skills needed
to build their solutions.

Introducing the Resource:
30 - 45 minutes

Using the Resource:
Varying time frames
throughout the challenge
as students revisit the
Challenge Statement.

Small Groups or Whole
Class

Key Vocabulary:
Linear functions, piecewise functions (for Math 3 and Math 4), rate of change,
intercept

The tools in this section can be used to help students understand targeted math
concepts that they will need to develop their solutions. Some of these resources are
static documents that serve as explanations or walkthroughs, while others are dynamic
and might include websites or other digital tools that students can use to explore the
concepts on their own or with their team members. You might also find that students
need additional instruction. One way to help students achieve the intended math goals
for a challenge is to have small group workshops with your students. These workshops
allow you to instruct and remediate targeted math concepts as needed. You can run
workshops with select students, a single team, multiple teams, or the whole class
depending on the needs of your students. You can present this resource in a variety of
ways. For example, you might choose to provide a handout and have students work
through the questions in their groups. You might choose to host a workshop, where
groups can send representatives to attend, and you work through the resource with that
small group. You might choose to formalize this work by adding the questions to a
Desmos activity or your learning management system and having students record and
submit their responses.
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Routes Reimagines includes one math resource. In the math resource, students will
explore how to build linear functions that model the relationship between distance,
speed, and time. The resource approaches this concept through ratios, helping students
to recognize speed as a ratio of distance to time or time to distance and then using that
knowledge to build a table of values given a constant speed. From this table, students
look for multiplicative relationships between rows (covariation) and between columns
(correspondence) and use these relationships to define the functional relationship
between distance and time. Finally, students are given a table that represents a linear
function that is not a direct variation. In this example, students need to examine the
covariation relationship to identify the constant rate of change (or slope) of the linear
function.

Teacher Tips and Answer Key for the Math Resource

Given a constant speed, you can use ratios and linear functions to predict how long it
will take them to travel any distance. [t] This resource uses the notion of ratio to help
students understand that there are two components to speed. This should help students
build a foundational understanding of slope as a rate of change that compares two
quantities (in this case, distance and time), which is not always obvious, especially for
unit rates. [/t]

Speed is a ratio that describes the relationship between the distance an object travels
and the amount of time it takes to travel that distance. Complete the following table to
identify the distance and time components of each speed.

Speed Distance Time

32 meters per
second

for every 1 second

15 minutes per mile 1 mile for every

5 minutes per mile for every

75 mph for every

25 miles for every 1 hour

1 mile for every 12 minutes
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Using Speed to Predict Travel Times
When working with ratios, it is important to pay careful attention to units.

Example 1: Speed Represented as Distance per Time
Diyah wants to predict how long it will take her to travel different distances when
traveling at a constant speed of 40 miles per hour. She builds the following table to look
for patterns.

1. Fill in the missing values in the following table.

Distance (miles) Travel Time
(hours)

40 1

______ 2

120 3

______ 5

320 ______

400 10

2.
Describe a general pattern that you could use to build one row in the table using
a previous row in the table. [t] Help students understand that they can add the
ratio 40 miles : 1 hour (or an equivalent ratio) to find other rows in the table, such
as 80 miles : 2 hours or 120 miles : 3 hours. One way to support this reasoning is
to reinforce the “for every” language used to define speed. Students are adding
40 miles for every 1 hour of travel time. For example, to get from (120, 3) to
(____, 5), 2 hours is added to the travel time. For each of those hours, 40 miles
(80 miles in total) needs to be to the distance. Then, to get from (200, 5) to (320,
____),120 miles (or three 40s) is added to the distance, so 3 hours needs to be
added to the travel time. In each case, the ratio of the additional distance to the
additional time is equivalent to Diyah’s speed.
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Consider drawing arrows between rows in the table and labeling them to show
the distances and times being added. Then, show that the ratio between added
distance and added time is equivalent for every pair of rows. Once students
recognize this pattern, formalize the ratio as “slope” and explain that this means
the table represents a linear function. When the ratio of the differences between
rows is constant, the function is linear because the rate of change of the output
variables is constant. [/t]

3. Describe a pattern that you could use to make the quantities in the left column of
the table equivalent to the quantities in the right column of the table. [t] For each
row, Diyah’s travel time can be found by multiplying her distance by 1/speed or
by dividing her distance by her speed. [/t]

4. Write a function that uses Diyah’s distance (x) to calculate her travel time (y) for
any speed (v) she travels.

[t] y = (1/v)*x or y = x/v [/t]

5. Use your function to predict how long it will take Diyah to travel 5 miles if she
travels at an average speed of 25 miles per hour.

[t] y = (1/25)*5, or 0.2 hours [/t]

Example 2: Speed Represented as Time per Distance

Diyah wants to know how her function would change if she used different units for
speed. She builds the following table based on a constant speed 15 minutes per mile.

1. Fill in the missing values in the table.

Distance (miles) Travel Time (minutes)

1 _____

2 30

3 _____

_____ 75
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_____ 120

10 150

2. Describe a pattern that you could use to get from one row in the table to another
row in the table. How does each number relate to Diyah’s situation? [t] Add 15
minutes to the travel time for every 1 mile that is added to the distance. For
example, to get from (2, 30) to (3, ____), 1 mile is added to the distance, 15
minutes needs to be added to Diyah’s travel time. Then, to get from (3, 45) to
(____, 120), 75 minutes (or five 15s) was added to the travel time, so 5 miles
needs to be added to the distance. In each case, the ratio of the time added to
the distance added is equivalent to Diyah’s speed.

Consider drawing arrows between rows in the table and labeling them to show
the distances and times being added. Then, show that the ratio between added
distance and added time is equivalent for every pair of rows. Once students
recognize this pattern, formalize the ratio as “slope” and explain that this means
the table represents a linear function. When the ratio of the differences between
rows is constant, the function is linear because the rate of change of the output
variables is constant. [/t]

3. Describe a pattern that you could use to get from the left column in the table to
the right column in the table. How does each number relate to Diyah’s situation?
[t] For each row, Diyah’s travel time can be found by multiplying her distance by
her speed. [/t]

4. Write a function that uses Diyah’s distance (x) to calculate her travel time (y) for
any speed (v) she travels. Be sure to define your variables.

[t] y = v*x [/t]

5. Use your function to predict how long it will take Diyah to travel 9 miles if she
travels at an average speed of 15 minutes per mile.

[t] y = (15)*9, or 135 minutes [/t]
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Building a Function from a Table

The following table represents Constance’s distance and time during a run. To keep
track of how long it takes her to exercise in total, she includes her 20 minutes of
stretching in her total time.

Distance (miles) Time (minutes)

0 20

2 36

3 44

4 52

1. How can you tell that this table represents a linear function?

[t] between any two rows, the ratio of the time added to the distance added is
constant. [/t]

2. Write a function that uses Constance’s distance (x) to calculate her travel time
(y). Assume her speed is constant.

[t] y = 8x + 20 [/t]

3. Use your function to predict how long Candace will be exercising if she runs 9
miles.

[t] y = 8*(9) + 20
y = 92 minutes [/t]
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Think About It

Description: Time Frame: Suggested Grouping:

Formative questions to
facilitate student
understanding and
reflection of the current
phase of the challenge.

5-10 minutes Individual or Small Group

Think About It questions serve the same purpose in all phases of the challenge. See the
Launch Think About It questions for a description of how to use the questions. In the
Prototype Think About It questions, students are asked to think about the
prototyping process, specifically how it helped them develop their idea and how
the prototype they developed creates value for their consumers. These questions
include:

1. What did you learn about your idea by prototyping it?

2. How does your prototype create value for your consumers?

Additional reflection questions are included to help jumpstart student thinking. For the
Prototype phase of Routes Reimagined these include:

● After you designed your first prototype, did you have to make any changes
before you reached your final solution? If so, what were the changes, and why
did you make them? If not, how did you know you had the perfect solution?

● How did the process of changing your design influence the way you thought
about your solution?

● Why would consumers want your solution?
● How did your consumers influence each redesign of your solution?

Return to Table of Contents
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Throughout the process of developing their solutions, students are asked to Justify their
ideas. Through completing the Key Business Proposition, they justify their solutions by
showing that it can be the foundation of a viable business. Through working on the
Technical Brief, they demonstrate all the thought and research that went into their
design. You may also consider having them keep a journal or record of their thought
processes and the decisions that they have made along the way. During this phase and
approximately halfway through the competition, students should participate in an Expert
Check-In to practice explaining their ideas and to receive feedback from a new
perspective.

Key Business Proposition

Description: Time Frame: Suggested Grouping:

Students reflect on their
solution and enhance its
design to meet customer
needs.

Introducing the Resource:
10 - 20 minutes

Using the Resource:
Varying time frames
throughout the challenge
as students re-engage with
Key Business Proposition.

Small Groups or Whole
Class

Key Vocabulary:
Creating value, customers, consumers, elevator pitch

Developing a Business

The Design & Pitch Challenges are a great way to get students to think creatively about
solving real-world issues, but they are also about building a viable business so that they
can make their solutions actionable. As such, one part of the D&P Challenges that
students must consider is the Key Business Proposition, which supports students as
they define how their solutions create value for customers or consumers.
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Key Business Proposition

Once students have decided on the model for their business, they can begin working on
the Key Business Proposition. This document is designed to get students thinking about
a variety of business-related questions, including the following:

● Who are your customers and/or consumers? What do they want out of a
solution?

● Why do they need your design more than someone else’s?

● How does your solution enhance what customers/consumers like about their
situation and fix what they dislike?

We find that students often lose sight of the customer/consumer through the process of
designing their solution, and the Key Business Proposition can be used to remind them
of the ultimate goal: design a solution to help someone or some community. This is
another opportunity to drive the students back to the targeted math goals, while also
reestablishing the entrepreneurial and justice framing of the challenge. Asking questions
like “What does your app do differently and better than existing navigation apps?” “How
did you decide on the criteria that your app will use to plan a route? Who will most
benefit from these criteria” “How will your solution calculate important trip information?”
is a great way for students to think about both the math and the needs of their
customers/consumers. You might also encourage students to think about their own
experiences with similar products as they begin to justify what customers/consumers
want or need.

Teacher Tips

The Key Business Proposition includes a script for developing an elevator pitch. The
elevator pitch script is meant to get students thinking about the important pieces of a
pitch and to practice explaining their ideas clearly and concisely. It is not meant to be a
script for the final pitch. Students will need to add a lot of information for the final pitch. It
can sometimes seem that the Key Business Proposition comes too early for students to
be ready to write an elevator pitch, but it usually is very helpful to get students thinking
about the decisions that they will need to make for their final pitch and to practice
explaining and defending their ideas.
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Technical Brief

Description: Time Frame: Suggested Grouping:

Students reflect on their
process and describe the
specifics of their solutions.

Introducing the Resource:
20-30 minutes

Using the Resource:
Varying time frames
throughout the challenge
as students re-engage with
Technical Brief.

Small Groups or Whole
Class

Key Vocabulary:
Linear functions, piecewise functions (for Math 3 and Math 4), rate of change,
intercept

The Technical Brief, or “Tech Brief,” gives students the opportunity to reflect on the D&P
process and their solutions and connects directly to the targeted math concepts. It is
also a chance for the students to explain their solution in greater detail for the investors.
As such, it can be completed along the way or after the final pitch and provides you the
opportunity for small group instruction as needed. Some of the questions ask students
to identify strengths they noticed and challenges they overcame along the way, so you
might want to encourage students to be thinking about these items as they are working
on their solution.

There are two primary parts to the Tech Brief. Part 1 is common to all of the Design &
Pitch Challenges and asks students to reflect on the process of developing their
solution. Part 2 is unique to each challenge and focuses on the targeted mathematical
concepts of the challenge. In Routes Reimagined, Part 2 of the Tech Brief asks students
to use linear functions to show how their apps will predict travel times, distances, and
estimated times of arrival for different routes. For Math 3 or Math 4 students, consider
using piecewise functions to predict trip information for routes that include multiple legs
or multiple modes of transportation.
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Teacher Tips

Depending on when you decide to introduce the Tech Brief, you might consider starting
this introduction by asking students to think about their pitches. Are they going to be
able to include all of the information about their product in the pitch? No. Are they going
to describe the process of developing their product in the pitch? Not entirely. Once
students come to this realization, you can introduce the Tech Brief.

Students are often unaware of the many ways in which their solutions evolved over the
course of the competition. Encourage them to think about what their initial design looked
like during the brainstorming phase and what their final product looks like now. What is
different? Likely something! Why did they make the changes that they did?

Part 2 of the Tech Brief provides an opportunity to assess your students’ mathematical
understanding and help them formalize their mathematical reasoning. As such, you can
adjust the components of this part to meet the needs of your students. Just remember
that this section is aligned with the Tech Brief Grading Rubric, so any changes you
make to this component will need to be made in the Rubric, as well.

Tech Brief Rubric

Description: Time Frame: Suggested Grouping:

Students review the
Technical Brief Grading
Rubric and develop an
understanding of the
expectations for the
Technical Brief.

Introducing the Resource:
10 - 20 minutes

Using the Resource:
Varying time frames
throughout the challenge
as students re-engage with
the rubric as they develop
their Technical Brief.

Small Groups

Key Vocabulary:
Benefits, limitations, viability, Linear functions, piecewise functions (for Math 3 and
Math 4), rate of change, intercept
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The Technical Brief Grading Rubric was designed to help teachers assess the
mathematical content underlying students’ solutions. The rubric includes key
components of a complete solution but stops short of making recommendations for how
grades should be assigned. The rubric might also be helpful for students. Consider
encouraging students to review the rubric before and while they complete the tech brief
so that they know the expectations for a high quality solution. In keeping with the
entrepreneurial spirit, criteria are rated as “Excellent,” “Good,” “Improving,” or “Getting
Started” in order to encourage students to keep working hard. You might find it is worth
your time to have a discussion with students about how they can use this rubric to help
them develop their Tech Brief, their product, and their pitch.

Expert Check-Ins
Expert Check-Ins should take place approximately halfway through a pitch competition
and should be conducted by people external to the class who have not heard anything
about students’ solutions. There are several purposes for the expert check-ins. First,
they give students additional practice explaining and defending their solutions to people
who have not been hearing their solutions throughout the competition. Second, they
give students an opportunity to receive feedback on their designs from people other
than their teacher, which can motivate them to make revisions and improve upon their
solutions. Finally, they provide a mid-challenge benchmark that can motivate a needed
sense of urgency with the final pitch looming. Thus, students do not need to be done or
close to done with their prototypes, KBPs, or pitches to participate in an Expert
Check-In. Regardless of the progress they have made, students often rise to the
occasion during Expert Check-Ins and are to defend their ideas and benefit from the
feedback they receive.

Experts should be recruited from outside the classroom. They can include anyone who
can comment on students’ solutions from an entrepreneurial or consumer perspective.
This can include people who are experts in a field related to the challenge context, have
experience with the products students are designing, or are members of the school
community (e.g., other teachers, administrators, or parents). Below are tips that can be
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given to experts to help them engage with students effectively. Experts should use these
tips as needed. They do not need to ask every question or respond to every bullet point.

Tips for External Judges during the Practice Pitch and Expert Check-Ins

The goal of the practice pitch and the expert check-in is to give students an opportunity
to practice explaining and defending their entrepreneurial solutions. When listening to
groups, imagine you are an investor deciding whether to invest your money in the
group’s company. As much as possible, assume a position of curiosity and treat
students as knowledgeable about their product and business.

This is also an opportunity for you to share your expertise. We encourage judges to
draw on their experiences to give feedback and make suggestions for ways students
can improve their products/services and businesses.

Things to consider while listening to students:

1. Did the group convince you that their product or service solves a real and
important problem?

2. Did the group convince you that their business will work?
3. Do the students appear to be invested in their business?
4. Are you convinced there will be customers? If not, what would convince you?
5. Does the team have a plan for how their company will make money?

Sentence starters for feedback and probing questions: the following sentence
starters can be used to frame your feedback. Be sure to tailor these sentence frames to
fit the product you are reviewing.

1. I really like that your product is timely and solves an important problem. Can you
tell me more about how your product/service works?

2. Who are your target customers or users? Why would they want to use your
product/service?

3. How did you decide on your business model? Have you thought about…
4. I like that you included a prototype of your solution. Can you tell me more about

what it would take to build your product or provide this service?
5. What are some limitations of your solution?
6. I like that you told the story of how you arrived at your solution or why it was

important to you. In your pitch, I would suggest adding (some common things
missing from student pitches: introduction, name of the business, description of
the solution, an ending to the pitch) or changing (students often read through
their slides, include too much text, etc.).

7. In my experience…. Have you thought about…
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Think About It

Description: Time Frame: Suggested Grouping:

Formative questions to
facilitate student
understanding and
reflection of the current
phase of the challenge.

5 - 10 minutes Individual or Small Groups

Think About It questions serve the same purpose in all phases of the challenge. See the
Launch Think About It questions for a description of how to use the questions. In the
Justify phase of the Routes Reimagined Challenge, these questions ask students to
think about the Key Business Proposition and the Technical Brief, how these
documents influence the design of the solution, and how the information in these
documents can be useful in the final pitches. These questions include:

1. How might the Key Business Proposition influence the design of your solution?

2. How might you incorporate pieces of the Key Business Proposition and Technical Brief in
your final pitch?

Additional reflection questions are included to help jumpstart student thinking. For the
Justify phase of Routes Reimagined, these include:

● Did your initial design change after you completed or thought about the KBP?
● Did you think about the consumers in your initial design? If not, how did thinking

about the consumers help you change your solution?
● How did thinking about enhancing likes influence your solution?
● How did thinking about fixing dislikes influence your solution?
● What parts of the Key Business Proposition might investors want to know or

hear?
● What parts of the Technical Brief might investors want to know or hear?
● How does the Key Business Proposition (or aspects of it) show the value of your

product?
● How does the Technical Brief (or aspects of it) show the value of your product?
● What parts of the Key Business Proposition or Technical Brief would convince

you to buy or invest in this product?

Return to Table of Contents
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The final phase of the competition is the Pitch. As students develop their pitches, they
should be thinking about how they want to convince investors that THEIR solution
should be funded. They should use the information they gathered/created in the
previous phases, but that does not mean that they are “done” with those parts of the
challenge. They may find that they need to change things about their Key Business
Proposition, Technical Brief, or solution design as they think about their pitch. That
should be encouraged, since this is an iterative process that is intended to reflect the
real world practices of entrepreneurship.

How to Build a Pitch

Description: Time Frame: Suggested Grouping:

Students learn about the
important components of a
pitch.

Total: 30 minutes

Introducing the Resource:
10 - 15 minutes

Using the Resource:
Students will refer back to
this document as they
develop their pitch.

Practice Pitch: 15 - 20
minutes

Small Groups

Key Vocabulary:
Pitch, competitor, customer, consumer

Once your students have designed and refined their solutions, it is time for them to pitch
their ideas to the investors. As students begin to build their pitch deck (i.e., the slides
they will use to present their solutions to the judges), it will be useful for them to review
this How to Build a Pitch document, as well as the Pitch Judging Rubric. You might need
to help your students understand what should and should not be included in the pitch.
You can do this by asking probing questions as your students are developing and
practicing their pitches. For example, if students are struggling to describe the problem
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that they are trying to solve, you might ask them why their solution matters or what good
their solution does for their community. For students who are struggling to describe their
solution efficiently, you might ask them to list their top three favorite features or aspects
of their solution and explain why those features are important.

The Practice Pitch

It is important for students to practice their pitches before they do the final pitch for
several reasons. First, it gives them a chance to receive feedback on their pitches, their
pitch decks, and their solutions. Whether you have them present to their peers, to
community members, or to you, the feedback they receive will help them make final
changes to both their pitch and their product before pitching to investors. Second, it
gives them an opportunity to practice defending and justifying their solutions, which can
help them gain clarity on their solution and confidence in their expertise. Third, it gives
them a chance to iron out any wrinkles in the presentation, including timing and who is
saying what. Finally, it allows them to practice in a low-stakes environment. Many
students will be nervous, so they can use the practice pitch to work out their nervous
habits, like playing with their hands or swaying while speaking. To help prepare external
judges, consider giving them the “Tips for External Judges during the Practice Pitch and
Expert Check-Ins” included in the Justify section above.

Using this Challenge with Other Audiences

While it is important for students to pitch their ideas to the panel of investors, this part of
the challenge can be done in many different ways. Many teachers have students use
technology, like Google Slides or Powerpoint, to build their pitch decks and then present
with that tool. Students are also welcome to make flip charts or other visual aids to
present their pitches. Some teachers will have their students pitch live, while others will
have their students record and submit their pitches. As with the rest of the Design &
Pitch materials, we want this to work for your students, so feel free to adjust the pitch as
necessary.

Teacher Tips

We often ask younger students how they would convince their parents to buy the
product for them, but it also works with older students.
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The pitch, especially setting up the why (the problem they are trying to solve), is where
a picture is worth a thousand words. Encourage students to tell this story visually
instead of writing the problem out on their slides.

Students often miss out on the opportunity to boost their product by pointing out the
flaws in their competition. Encourage them to think of similar products on the market
and how their product is better. If they can’t think of why their product is better, you
might encourage them to revisit their Key Business Proposition and figure out how they
can make their product better than similar products.

When explaining how the product works during the pitch, it should be an overview of the
product. Students should not be walking investors through minute details about how
they arrived at the final product. Instead, they should use this time to explain the big
picture of how their product works.

Example Pitches

Description: Time Frame: Suggested Grouping:

Students can use these
sample pitches to
determine what they do
and do not want to include
in their pitches.

10 - 30 minutes Small Groups or whole
class

Students have access to three example pitch decks from existing companies (Air BnB,
YouTube, and Podozi). These are meant to serve as idea-generating examples, not
templates, for the students to use to understand what a pitch can look like and how
important elements can be incorporated into a winning pitch. Once students have
developed their initial pitch decks, they should practice the pitch before delivering it to
investors. This can take a variety of forms, including having teams pitch to one another,
to the whole class, or to a single individual (e.g., teacher, administrator, or community
member). This is a time for the students to receive critical feedback so they can develop
their ideas more completely before the final pitch.

Students can watch the pitches in the following video to learn more about what works
and what doesn’t work in a quick pitch. If you choose to use this video, you can have
students compare and contrast 2-3 of the pitches to decide what they liked and what
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they did not like about each one. This discussion might help them determine what they
want to include in their pitches and what they want to leave out.

Sample Pitches
● Phase Filter: HVAC filter w/rolling filter change (0:00- 4:02 min)
● Frakktal: repurposing plastic debris, diverting from landfills (4:02 - 8:00 min)
● Moonshot: diverting food waste from landfills, composting: (8:00- 11:27 min)
● Teratonix: Harvesting Ambient RF Energy from Cellular/Wi-Fi for battery free IoT

(11:28- 15:17 min)
● SmartWatts: smart meters that then recommend better electricity plans (15:18 -

19:22 min)
● Stratos Perception, LLC: aerospace systems artificial intelligence and mining in

space (19:22 - 23:27 min)
● Boozed: connected and contactless cocktail making and dispensing (not

appropriate for students but interesting) (23:29 - 27:28 min)
● Axialnics: disc-wing rotor aircraft (27:29 - 31:16 min)
● NANCo Aero: Flying cars for all (31:17 - 35:17 min)

Pitch Judging Rubric

Description: Time Frame: Suggested Grouping:

Students are given the
criteria for judging their
pitches.

Introducing the Resource:
5 - 10 minutes

Using the Resource:
Varying time frames
throughout the challenge
as students use the
resource to inform their
pitches and pitch decks.

Individual, pairs, or whole
class

Presenting the pitch is one of the most exciting parts of the competition for students
(and teachers). All of the hard work each student has put in up to this point culminates
in this persuasive presentation. As a standard rule, students only have five minutes to
pitch their solution to the panel of judges (more on the judges below), though you, as a
teacher, have control over how long students have to present. The suggested five
minutes encourages students to be succinct and helps them to become effective
communicators.
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In addition to overall winners, we encourage you to assign superlatives to all teams,
such as awarding Best Business Design, Most Creative Solution, Best Pitch or Most
Engaging Pitch, Overall Best Solution.

Preparing a Panel of Judges

Students love the opportunity to share their work with people external to the classroom.
In the past, we have seen panels of principals, parents, community members, college
professors, and other experts from the field. For Routes Reimagined, you might
consider members of your community who have experience developing apps or maps,
or who are otherwise able to comment on the viability of consumer products. To help
your judges prepare for their role, provide them with some background info, such as a
link to the challenge website, and the Pitch Judging Rubric ahead of time so that they
can understand what they are going to be judging. The “Tips for External Judges during
the Practice Pitch and Expert Check-Ins” can also be given to judges and practice
judges.

As for grading the pitch, some teachers use the Pitch Judging Rubric to assign a grade,
some develop their own method for scoring the pitch, and still others choose not to
assign a grade to this part of the Challenge. We encourage you to think about what
works best for your classroom and assessment practices.

Think About It

Description: Time Frame: Suggested Grouping:

Formative questions to
facilitate student
understanding and
reflection of the current
phase of the challenge.

5 - 10 minutes Individual or Small Groups
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Think About It questions serve the same purpose in all phases of the challenge. See the
Launch Think About It questions for a description of how to use the questions. In the
Justify phase of the Routes Reimagined Challenge, these questions ask students to
think about the pitch resources and how the information in these documents can
be useful in designing their final pitches. These include:

1. How can the pitch judging sheet help you improve your pitch?

2. Now that you have completed your practice pitch, what changes will you make to
your pitch?

Additional reflection questions are included to help jumpstart student thinking. For the
Justify phase of Routes Reimagined, these include:

● Which part(s) of the judging sheet were you surprised to see? Which part(s) were
you not surprised to see?

● Are there some parts of the judging sheet that you think the judges might care
more or less about than others? If so, which ones, and why?

● Now that you’ve seen the judging sheet, are you going to make any changes to
your pitch?

● What feedback did you receive during your practice pitch? How can you
incorporate that feedback into your final pitch?

● Were you surprised by how much/little time it took to give your pitch? How can
you streamline/add to your pitch to better use the allotted time?

● Did your audience seem hooked by your presentation? If not, how can you make
sure you grab and keep their attention for the final pitch?

Return to Table of Contents
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