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We are excited to share with you the STEM Authoring Guide: a step-by-step framework for 
developing project-based curriculum.  

There are new concepts and practices you will learn in this guide. Three key areas we want to 
introduce to you are:  

 

 

 

 

 

 

 

 

 

  

    Welcome 

Product Development Education 

Our training will enable you to include industry and education 

strategies based on design, engineering, and interdisciplinary 

learning. It is an integrated STEM education approach that engages 

students in problem solving, applying knowledge, and simulating real 

world experiences.  

Explore-Create-Share 

We will help you support student learning in product development 

education by showing you how to develop a scaffolded instructional 

model called Explore-Create-Share. It is a project-based learning 

approach focused on integrated STEM activities.  

STEM Authoring Process 

We provide you with a step-by-step process that starts with defining 

the curriculum and ends with implementation. Throughout the guide 

you will find examples, key concepts, and practical tips for creating 

engaging and academically rich learning activities.  
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Our STEM education model is 

called Product Development 

Education. We provide K-12 teachers 

with strategies to integrate design and 

engineering across all subjects of a school 

curriculum. Our training brings a unique 

industry perspective and is grounded in 

project-based and interdisciplinary learning.  

 Educators often ask us how we define 

STEM education. Sometimes we start this 

conversation by telling how one of the 

editors of the Status of K-12 Engineering 

Education in the United States succinctly 

described STEM education as big S and M, 

little T, and translucent E.  In other words, 

most students experience STEM education 

through the lens of science and 

mathematics with some technology 

exposure and very little engineering 

experience. 

Our approach to STEM education is 

different. We believe the T and E as well as 

other disciplines are integral components of 

STEM education. We hold this position 

because STEM in industry is driven by an 

interdisciplinary product development 

process in which professionals from a 

variety of disciplines work in concert to take 

a business idea and transform it into a 

product. There are many stories that 

capture this integrated STEM approach in 

   Product Development Education 
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industry. A favorite story of ours is about 

the bullet train.  

 

The Bullet Train Story 

In Japan there is a train called the Bullet 

train. Initially there was a problem with the 

train’s design. When exiting tunnels the 

train created extremely loud noises that 

disturbed nearby residents and in some 

cases shattered the windows of peoples’ 

homes.  

The design team solved this problem using 

a variety of resources from different 

disciplines. For example, the beak of the 

King Fisher bird inspired the shape for a 

new nose design. By copying the design of 

the beak the designers eliminated the 

sound issue and increased the energy 

efficiency by 15%.  

 

Once the design of the train was complete, 

many industry specialists worked together 

to prepare the new train for the market. For 

example, marketers rebranded the train’s 

image in the community, technicians 

developed new support plans, and business 

experts optimized the pricing for 

customers.  

This interdisciplinary process of making 

products is how we approach STEM 

education. We introduce educators to the 

product development process in industry 

and provide classroom strategies for 

incorporating these methods intro project-

based learning. We call this model Product 

Development Education.  

This model has many benefits to students. 

Students are exposed to project-based 

learning, industry stories, and modern 

technologies. Students also learn how to 

solve problems and create new 

technologies using a scaffolded problem 

solving model (please see the Explore-

Create-Share model section to learn more).  

Students also get the opportunity to 

simulate the role of STEM professionals, 

apply their academic skills to hands-on 

projects, and work in a collaborative format 

to create products.  

In order to prepare educators for Product 

Development Education, we created this 

guide. Within this guide you will find 

resources, tips, strategies, and step-by-step 

lessons on how to implement the 

fascinating world or product development 

in your classroom! 
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Our curriculum approach is project-based and focuses on immersing students in the story of 
product creation and challenging them to take a role in new innovations. We call this 
educational model Product Development Education. 

To support teacher learning in Product Development Education, we created a curriculum 
framework that scaffolds student learning and innovation. It is called the Explore-Create-Share 

model.   

In the first stage – the Explore phase – students familiarize themselves with a project challenge 
and conduct background research on the product they are challenged to improve. For example, 
in a Spacesuit Challenge where students are asked to create a next-generation spacesuit 
inspired by plant adaptations, students research spacesuits and plant adaptations during the 
Explore phase.  

During the second stage – the Create phase – students generate ideas and prototypes. These 
prototypes can range in sophistication from sketch concepts on paper to models created using 
3D design software. The level of student modeling is flexible and based on available educator 
resources. The key learning goal is for students to generate solutions that are grounded in the 
findings of the Explore Phase.   

During the final phase of the process, the Share phase, students emulate real world 
experiences by completing final assignments based on Industry Roles. For example, after the 
students create a Mars spacesuit concept, they may take on the role of a marketer and create a 
logo for the new spacesuit company. Teachers often share with us how the Industry Roles are a 
great way to differentiate assessment. By focusing on various roles (e.g. Scientist, 
Anthropologist, Journalist, Inventor, etc.) educators can create roles that are relevant to their 
teaching subject and are relevant to student interest.  

   Explore-Create-Share 
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Curriculum Example 
Spacesuit Project 

Design a Mars 
Spacesuit 

Inspired by 
Plant 

Adaptations 

Grades: 5-12  

Guiding Principle: Biomimicry 

Subjects: Biology, Technology, 
Engineering, Physical Science, Visual 
Arts, Social Studies, and English 
Language Arts.  
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STEM Authoring Phases 

 

Developing curriculum that is engaging, connected to 
frameworks, and resource appropriate is no small feat. In 
addition to this, teachers are responsible for grading, 
community outreach, administrative meetings, student 
support, and more.  

The goal of the STEM Authoring Guide is to provide you 
with a framework that assists you in tackling curriculum 
authoring.   With this resource we hope to save you time 
and optimize your professional practice.   

We accomplish this goal by organizing the authoring 
process into four phases.  

    

Define  
 Guiding Principle 
 Product  
 Challenge 

Outline  
 Explore  
 Create  
 Share  

Produce  
 Student Guides 
 Teacher Guide 
 Tech Models 

Implement  
 Instruction 
 Review 
 Revise 

Phase 1 Phase 2 Phase 3 Phase 4 
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Phase 1  

       Define  
 The purpose of this phase 

is to define the overall 
context of the curriculum.  

 

To assist in this process, 
three steps are outlined, 
and begin by identifying 

the guiding principle, 
selecting a product, and 

end by defining the project 
challenge.  

Step 1: Guiding Principle  

The goal of this step is to 
identify the guiding 
principle that will inform the 
teaching and learning 
experiences of your 
classroom project.  

 

Step 2: Product   

The goal of this step is to 
narrow the project context 
by selecting a product on 
which students focus their 
design efforts.   

 

Step 3: Challenge 

The goal of this step is to 
identify a project challenge 
that is informed by the 
Guiding Principle and 
Product.   
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A Guiding Principle facilitates the entire curriculum design process. It will shape the project 
Challenge and the key goals of each Explore, Create, and Share units.   
 

 

 

 

 

 

 

 

 

Guiding Principle [Phase 1, step 1] 

Goal     

The goal of this step is to identify the Guiding Principle that will inform the teaching and learning 
experiences of your classroom project.  
 

What is a Guiding Principle?  
A Guiding Principle (1) identifies how individual elements in a system or situation connect and (2) 
transfers to multiple contexts. For example, Manifest Destiny is a Guiding Principle in Social 
Studies, and Newton’s law of motion is a Guiding Principle in Physics.  

The importance of framing curriculum design around a Guiding Principle is that it provides you 
with a strategy on how to guide student learning in their product development experiences. For 
example, if students are developing a toy roller coaster a helpful Guiding Principle in their design 
process would be Newton’s law of motion.   

In addition to facilitating product development processes, a Guiding Principle is transferable. 
When a student completes a project with a Guiding Principle clearly stated and applied, he or 
she will have a conceptual framework that will enable him/her to understand and solve problems 
in different situations.  

1 

Guiding Principle 

2 3 4 

Explore the story of gliders and identify design 
ideas inspired by bird biomimicry.   

Explore Unit  

Create Unit  

Share Unit  

Create glider concepts and prototypes inspired 
by bird biomimicry.    

Share how various industry professions (e.g. 
scientist, inventor, anthropologist) would play a 
role in the glider’s product development.  

Challenge 
Guiding Principle 

Design a glider 
inspired by bird 
form and function.   

Biomimicry: look to nature 
for design inspiration.     
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What are examples of Guiding Principles?  
Guiding Principles exist in all disciplines. In science fields Guiding Principles are often theories 
and laws. In humanities disciplines Guiding Principles are often patterns, paradoxes, or 
underlying assumptions. Below are two examples that identify each component of a Guiding 
Principle:  

 

Big Idea 
 

Guiding Principle 
 

Elements 
 

Situation or System 
 

Transfer 
 

 

Food Web 
 
 
 

 

There is an 
exchange of energy 
between producers 
and consumers that 
fosters ecosystem 
survival.  
 

 

Consumers (e.g. 
birds, bears, bees, 
etc.), Producers (e.g. 
sun, plants, algae, 
etc.) 
 
 

 

System  
 

multiple ecosystem  

 

Heroic Journey  
 
 
 

 

There is a sequential 
pattern in a hero’s 
journey.  
 

 

Training, Departure, 
Challenge, Triumph 
or Tragedy, and 
Return.  
  

Situation   

multiple myths and 
stories  

 

 

How do Guiding Principles connect to curriculum 
frameworks?  
Guiding Principles can be found in curriculum standards. Guiding Principles can be identified 
directly in the standards and in other occasions you can unpack the standard and identify big 
ideas indirectly. In some cases, standards do not apply to a big idea.  

 

Massachusetts State Standards, Grade 6-8, Earth Science  
 

 
Standard 2: Describe the layers of the earth, including 
the lithosphere, the hot convecting mantle, and the 
dense metallic core. 
 

 
Not applicable: factual knowledge of the components of 
the earth structure focuses on the elements of the earth 
system not any guiding principles.   

 
Standard 10: Compare and contrast properties and 
conditions of objects in the solar system to those on the 
Earth.  
 

 
Indirect: this standard can be unpacked to include a 
guiding principle such as Newton’s laws of motion.  

 
Standard 11: Explain how the tilt of the earth and its 
revolution around the sun result in an uneven heating of 
the earth, which in turn causes the seasons.  
 

 
Direct: this standard directly identifies the big idea of tilt 
theory of seasonal variations (i.e. Milankovitch theory). 
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How do guiding principles benefit learning? 

Guiding principles benefit students by giving them conceptual frameworks they can use to make 

sense of the world. 

In industry, guiding principles are the conceptual tools that enable people to be successful in 

their discipline. For example, an engineer needs a variety of guiding principles from chemistry, 

physics, math, and other fields to make sense of how a technological system works and to 

design new technologies. In education, teachers also use guiding principles to inform their 

curriculum and instruction. For example, Bloom’s taxonomy is a guiding principle that enables 

teachers to organize various levels of student learning and design curriculum that is aligned to 

student learning needs.  

In order for students to be successful in their college and career experiences, we need to 

provide them with a toolkit of guiding principles. The classroom is a great place to build this 

toolkit. Students can take on projects that are focused on specific guiding principles that are 

appropriate for their learning level. Over time, students can hone and add new principles that 

will ultimately give them the conceptual know-how to understand their world and solve problems 

in various disciplines.  
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How do guiding 
principles 
benefit 
curriculum 
authoring? 

Guiding principles shape 

and focus curriculum development. For this discussion I will focus on Product Development 

Education curriculum development only.  A product development education curriculum is a 

project-based learning approach that uses design challenges to drive student learning. For 

example, in the Explore-Create-Share model students are given a challenge, explore the 

background, create solutions, and then share how their design would be successful in the 

marketplace through the lens of various industry roles.   

Including a guiding principle in a product development project defines what subject-area 

expertise the students will need to know to be successful. For example, in a glider project 

students will need to know about the forces of flight. This enables students to know how weight, 

lift, drag, and thrust affect flight, which in turn gives them a framework for optimizing their glider 

designs. In addition, the forces of flight concept is transferable, which gives students an 

understanding of how other technologies such as helicopter blades or race car spoilers work.  

Once a guiding principle has been identified, the developer then has a guide post as to what 

activities and assessments to include in his/her curriculum. For example, in the glider project 

cited above, the developer needs to provide instructional activities that introduce the students to 

the forces of flight. Afterward, the developer could include short, hands-on labs that enable 

students to apply their new knowledge of flight. With this foundation, the students can move on 

to build their own glider. When designing evaluations, the developer also looks to the guiding 

principle for direction.  

In the glider project example, the developer can include an Explore review that requires 

students to produce a diagram showing the forces of flight on various transportation 

technologies, or during a Create review students can explain how their glider optimizes various 

forces of flight.  
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Thomas Edison’s Inventions, an intedisciplinary product experience 

 

Product      [Phase 1, step 2] 

Goal     

The goal of this step is to narrow the project context by selecting a product on which students will 
focus their design efforts. 

 

What is a product?  
A product is a technology, which is anything human-made. This can be a system such as the 
scientific method as well as physical objects such as a hammer or house. This curriculum 
focuses on physical objects.   
 

What is the benefit of focusing on a product?  
Creating and using a product creates a rich story involving people, technology, and experiences. 
By focusing on one product your students can dig deep into the history, science, and other facets 
of product development.  This interdisciplinary quality enables teachers from various school 
disciplines to find learning outcomes that connect to their subject education standards.  

  

1 

Product  

2 3 4 

Thomas Edison is famous for his inventions such as 
the light bulb or phonograph. A key to his success 
was recruiting an interdisciplinary team of 
designers, which he called “muckers”. Some 
example roles include chemist, writers, 
photographers, and machinist. Having a diverse 
team enabled Edison to manage the various 
aspects of creating a product from writing legal 
documents to fabricating tools.  

Image courtesy of National Park Service 
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How do I select a product for my curriculum? 
Product sectors: One way to start organizing your thoughts is by thinking about different types of 
products. At PTC we organize products by different groupings called “verticals”. Many verticals align with 
specific subjects. For example, Life Science has strong connections to biology, chemistry, and earth 
sciences. Or the heavy industry sector has many connections to technology standards. In our work with 
educators the most frequently selected product vertical is Retail because retail products (e.g. shoes, 
clothes, toys, etc.) are used the most by students.    

Interest:  It is also a great idea to select a product focus that interests your students. For example, 
many students find flying or space travel appealing, so we selected a glider and spacesuit project for the 
Biomimicry Unit. Selecting products that fascinate you is also valuable because your passion for the topic 
can positively impact student interest.  

Curriculum Frameworks: Another area to find inspiration is within education standards. There are 
many themes in the state standards that focus on general products, measurement tools, technology 
changes, and famous inventions. For example, in the Massachusetts engineering/technology standards 
there are overarching categories dedicated to specific technology sectors: communication, transportation, 
manufacturing, construction, and bioengineering.  

 

 

 

 

 

 

 

 

 

 

 
 
   

  

Product 
Sectors 
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Below are product examples from four categories teachers often select in their authoring:  

 

 

 

 

 

  Product Authoring Tips 

Consumer Products 

Backpacks, phones, wallets, lunch box, pens, clothes, 
outdoor gear, wallet, head phones, chair, table, desk, 
jewelry, power tools, household appliances, and toys  

Green Products 

Wind turbines, recycled products, waste management 
tools, water filters, solar cells, algae and other biofuels, 

indigenous products, and wave power 

Transportation Products 

Cars, drones, hot air balloon, trains, bikes, 
skateboards, space ships, rovers, dragsters, hover 

craft, submersible, cruise ship, canoe, raft, and barge  

Assistive Products 

Prosthetics, glasses, hearing aids, shelters, wheel 
chair, medical devices, medicine, safety equipment, 

survival gear, and assistive sport equipment    
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Challenge      [Phase 1, step 3] 
Goal     

The goal of this step is to identify a challenge which will require your students to develop a new 
or modified version of a product.   

 

What is a product development challenge? 
A product development challenge is a project-based learning approach that challenges students 
to create new or modified products in the classroom. Product development challenges can be as 
simple as designing a paper airplane that can carry 20 paperclips or developing a robot that can 
throw a frisbee 20 feet.  

The benefits of product development challenges are: simulating real world design experiences, 
engaging student interest with hands-on/mind-on learning, and providing opportunities for 
student learning choices.  

1 
Challenge 

2 3 4 

Glider Challenge: Develop a glider 
inspire by birds that will improve 
flight efficiency.   

Spacesuit Challenge: Develop a next 
generation spacesuit inspired by leaves 
that will improve an astronaut’s ability to 
explore Mars.  
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How do I select a Challenge?  
The first step is to contextualize the challenge using the guiding principle and product 
definitions. For example, in the Spacesuit Project the guiding principle is biomimicry and the 
product is spacesuits. Working from this foundation, we know that the challenge is going to 
focus on creating a new spacesuit inspired by nature. Hence, one way to narrow down the 
challenge is:  “develop a spacesuit inspired by plant adapatations.”  

After you have defined the challenge, you can identify product requirements, which are essential 
features of the student’s final prototype or model. One way to break down product requirements 
is by form (e.g. size, shape, weight, aesthetics, materials, etc.) and function (e.g. distance, time, 
speed, strength, load, power, ergonomics, etc.). In industry product development these 
requirements are often organized by criteria (desired outcomes) and constraints (limitations on 
the design). For example, a shoe company may want to develop a running shoe that is 
comfortable (criteria), weigh less than 7 ounces (constraint), uses recycled materials 
(constraint), and is detailed with bright colors (criteria).   

In the classroom, the purpose of identifying product requirements is to pinpoint what design 
characteristics your students must achieve. This fosters student clarity and provides you with 
evaluation variables to target in your assessments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Guiding Principle 

Product  

Challenge 

Spacesuit Project 

 

 

Biomimicry 

 

 

 

Spacesuit 

 

 

 

Develop a Mars 
spacesuit 

inspired by plant 
adaptations 
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  Challenge Authoring Tips 

Gender Connections 

Many girls prefer team-based and environment-
centered challenges. Many boys like racing and battle-

centered challenges. One way to meet both interest 
groups is to create a team challenge that is focused on 
overcoming an environmental adversary (e.g. natural 

disasters, planetary extinctions, pandemics, etc.).  

Product Requirements 

Product requirements (e.g. structure, performance, 
materials) are excellent variables for defining 

assessments. For example, when students test their 
mobile hurricane home you can assess how well the 

structure withstands wind or how many materials were 
used.  

Keep it practical 

The simplicity or complexity of the challenge requirements 
depends on practical considerations such as your time and 

resources as well as academic considerations such as student 
learning ability or curriculum frameworks. As you author your 

challenge keep it practical for you and your students.  

Imaginary Situations 

A great way to engage student interest is to create 
hypothetical or imaginary situations.  For example, 
“What if you were stranded on a tropical island and 

discovered a plant that gives people human powers. 
What kind of container would you create to ship it back 
to civilizations? Don’t forget the plant needs air, water 

and nutrients!” 
17



Phase 2  

       Outline 
 The purpose of this phase 

is to outline the Explore, 
Create, and Share 

activities of the project.  

 

To assist in this process, 
core activities in each 
section are described.   

Step 1: Explore  

The Explore phase is the 
first phase of a product 
development project. The 
objective of this phase is 
to explore the 
background of the project 
challenge. The core 
activities of this phase 
are project planning, 
research collection, 
research analysis, and 
the Explore Review.  

 

Step 2: Create  

The Create phase is the 
second phase of a 
product development 
project. The objective of 
this phase is for students 
to create solutions for the 
project challenge. The 
core activities of this 
phase are ideation, 
modeling, optimization, 
and the Create Review.  

 

Step 3: Share 

The Share phase is the 
third phase of a product 
development project. The 
objective of this phase is 
for students to emulate 
real world experiences by 
completing final 
assignments based on 
Industry Roles.    
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Explore       [Phase 2, step 1] 

Authoring Goal 
The goal of this outline step is to identify student activities that take place during the Explore phase 
of a product development project. For a review of the Explore-Create-Share process, please read 
the article on this topic in the Get Started section. 

 

What are the core activities in the Explore phase?   
The Explore phase is the first phase of a product development project. The objective of this phase 
is to explore the background of the project challenge and associated content. The core activities of 
this phase are project planning, research collection, research analysis, and the explore review.  

During project planning students are introduced to the project challenge and associated 
requirements. During research collection students gather information relevant to their project. This 
can include internet research, book research, interviewing users, and other forms of information 
gathering. During research analysis students evaluate their research findings as it relates to the 
project objectives. During the Explore Review students summarize their findings from the Explore 
phase and communicate their ideas in written, visual and/or oral form.       

 

Explore 
Outline 
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Project Planning  
The project planning step is the kick off point of a product 
development project. Often educators start this step with a 
fun hook that captures student interest and stimulates 
thinking around the theme of the project. After engaging 
student interest, the goal is to introduce the project 
challenge and associated requirements. One way to 
structure the project experience is to show them a graphic 
with the Explore, Create, Share phases and highlight 
certain steps they wil be required to complete. It is also 
important to identifty the requirements of their product. 

Certain aspects such as form (materials, size, weight) and function (speed, strenght, load) are 
examples. Another kick off activity is to introduce how students will document their work. This 
could be a notebook (e.g. design notebook) where they will record their research, ideas, and 
other relevant info.  

 

Research Collection 
The objective of research collection is to gather 
information relevant to the project challenge and 
associated requirements. As you plan research 
collection activities, consider two areas. One is the 
research source and the other is the research content. 
Today there are so many research sources that at 
times the data deluge can be overwhelming. On the 
other hand this access to so much information is 
amazing and can lead to all kinds of interesting facts, 
stories, and inspirational experiences. To assist in your 
research collection planning consider the graphic to 
the right. In summary, there are several sources of 
information ranging from physical media such as books 
to inquiry modes of research such as running 
experiments to learn about the laws of science. The other research area to take into account is 
the research content. One essential content area to explore is the product that students are 
going to develop. For example, if students are developing an airplane, it is essential they learn 
about the structures and functions of airplanes. Another important area students need to explore 
is concepts related to the project’s guiding principle. For instance, if the guiding principle of the 
airplane challenge is forces of flight, it is essential for students to conduct research studies that 
exposes them to these forces. Using the source graphic as a reference, this research could be 
carried out by reading curriculum or books as well as by doing mini flying experiments in which 
students can learn about these forces in a hands-on approach.  

20



Research Analysis  
The objective of research analysis is to evaluate findings from the 
research collection experience. The defining feature of this 
evaluation is connecting the student’s findings to the project 
challenge. This evaluation can involve idenfying inspirational ideas, 
patterns, themes, trends, key ideas, problems, opportunities, or pros 
and cons from the research. For example, during the airplane 
challenge students could summarize their analysis of the impact of 
different loads on an experimental airplane. Or they could identify 
inspirational ideas from birds in nature or identify problems or 
opportunities from historical planes. In other words, the goal is for 
students to take all the discrete information they learned during the 
research collection phase and organize the information into helpful 
categories.  

 

Explore Review  
The objective of the Explore Review is for students to demonstrate their research findings with 
some form of communication. This communication can be written, visual, oral, and any 
combination of the three. There is a variety of communication methods that are common in the 
classroom including presentations, slide decks, foldables, storybooks, poems, skits, speeches, 
debates, written reports, and more. The benefit of having a review is that a teacher can check in 
with the student and verify that they have collected enough information and analyzed the value 
of the information. In industry product development these reviews are sometimes call design 
gates. Before a company can move forward in a design step, they need to deliver certain project 
assets (e.g. reports, performance information, etc.) before they can pass the “gate” and start 
working on the next stage of development.  

 

 

 

 

 

 

21



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product Inquiry 

As students learn about products, use PTC Creo 
View to visualize 3D models. This is a great way to 

bring in a WOW factor and explore the structure and 
functions of products with 3D visualization software. 

Mini-Inquiry Labs 

In the Explore phase you can do mini-labs to explore how a 
product works or explore new science concepts with mini 

experiments. This is a great way to increase student 
knowledge in a hands-on, engaging manner.  

User Studies 

Products are designed for people. Simulate a real 
world product development experience by having 
your students interview people. In many cases the 
kids themselves are the users. In other cases they 

can connect with users in their community.  

Engage and Organize 

As you carry out project planning activities do your 
best to balance engaging student interest while 

providing them with clear objectives and planning 
structures such as checklists and timelines. 

 

    Explore Authoring Tips 
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Create      [Phase 2, step 2] 

Authoring Goal     

The goal of this outline step is to identify student activities that take place during the Create 
phase of a project. For a review of the Explore-Create-Share process, please read the article on 
this topic in the Get Started section.  

 

What are the core activities in the Create phase?   
The Create phase is the second phase of a product development project. The objective of this 
phase is for students to create solutions for the project challenge. The core activities of this 
phase are ideation, modeling, optimization, and the create review.  

During ideation students generate ideas and select one or more candidate ideas to prototype; 
activities can range from doodle concepts to classic group brainstorming exercises. During 
modeling students create prototype solutions; the format of the modeling can range from 2D 
sketches to advanced manufacturing techniques. During optimization students test the 
performance of their model; testing is measured by how well students meet the challenge 
requirements. Lastly, during the Create Review students summarize their create phase 
experience by communicating their results in written, visual, and/or oral form.  

 

Create 
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Ideation 
The objective of the ideation step is to generate ideas for the challenge and select one 
or more ideas to prototype. It is essential in this step students use the information they 
learned in the Explore phase to generate ideas.  

In ideation, brainstorming is used very often. One approach is group brainstorming 
discussions. Another common method, especially for visual learners, is to start 
conceptualizing some ideas on paper; this type of doodling is often a natural process for 
students. There are industry brainstorming techniques such as the Six Thinking Hats, 
which organizes ideation by having students take on certain roles that correspond to a 
color (e.g. yellow=inspiration, green=creative, white=informational). Another way to 
spark ideation is to use visual analogies or historical references; the basic premise is to 
push students to think outside of the box by having them look at visually or historically 
rich images or narratives. Another technique to consider is cross-pollinating. A classic 
example of this is mash-ups. In mash-ups students take two different products and 
create a new product. For example, a music player and scooba goggles could result in 
an underwater music device. We also have seen teachers use the mash up concept for 
organisms. For example, mashing up a rhino and a shark to make a terrifying predator 
of the wilds.  

 
After the students generate ideas they need to select one or more ideas to create. This 
selection process needs to be based on the requirements of the challenge. There are 
many approaches to facilitate concept selection such as compare and contrast 
exercises, SWOTanalysis, or group voting.  
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Modeling 
The objective of the modeling 
step is to transform ideas into 
prototypes. There are many 
types of modeling techniques. 
We recommend taking an 
approach that is appropriate 
for your students and 
classroom resources.  

One way to organize the 
various modeling activities is 
by technique. One of the most common classroom modeling techniques is sketch-based 
modeling. This can include a basic study sketch that communiates a basic idea with 
some annotations/information, a scenario sketch that describes how a user would use 
the prototype, a performance diagram that explains the function of the object, or a 
rendering sketch that is a high quality image with color and other aesthetic features.  

Another common modeling techinique is craft-based modeling. Using craft materials 
such as cardboard, glue, and scissors students can create physical, 3-D prototypes that 
capture the functionality and/or aesthetic of the prototypes. Craft-based prototypes are 
beneficial in that the cost of production is often low and you can produce models 
relatively quickly. The next three technques are less common in the classroom. Kit-
based modeling is when students use purchased kits to make models. Common kits are 
robotics kits but there is so much more such as LEGOs, wind turbine kits, or electronic 
kits like Arduino.  

The other two techniques are 3D digital-based and manufacturing-based modeling. 3D 
digital software can range from modeling systems like Google Sketchup to industry level 
software such as PTC Creo. Students are often engaged by this medium and the tools 
themselves have a variety of product development features such as anlayzing 
geometry, rendering with a variety of color and material pallettes, or producing files that 
can be used in manufacturing such as 3D printing. Lastly, is manufacturing-
based prototyping. Traditionally, teachers have used lathes, mills, and 
construction equipment. Recent advancements in 3D priniting have created 
new opportunities for educators to simulate advanced manufacturing in the 
classroom. The low price point, access to 3D models online, and modeling 
software such as PTC Creo enables students to transform their ideas into 
physical and in some cases working prototypes.  
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Optimization 

The objective of this step is to test how well the product meets the challenge 
requirements and improve the product based on testing results. An important aspect to 
keep in mind as students follow optimization procedures is to focus on data-driven 
testing and improvements. For example, while students are testing the performance of a 
solar cooker, it is essential they gather temperature data and other environmental 
conditions.  

There are many ways to implement optimization activities. Competitions is one common 
method. Students build a model and then compete against each other or some 
environmental condition (e.g. obstacle). Competitions can be as simple as the number 
of marbles a tinfoil boat holds, or programming robots to complete an obstacle course. 
Another common classroom technique is user-testing. In this procedure students can 
ask other students or adults to evaluate how the product feels and looks. As you plan 
optimization activities here are some design themes your students can evaluate:   

 

 

 

 

 

 

 

 

 

 

 

One important goal in optimization is to improve the design. This redesign phase can be 
simple such as tweaking the aligment of a structure or replacing materials. In other 
cases, redesign can take some time. For example, redesigning a robot with complex 
sub-systems can take days or weeks to complete. One solution to this problem is to 
start with a product that is already developed and then have students improve this 
design using the Explore, Create, and Share procedures.  
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Create Review 
The final activity of the Create phase is a capstone assigment called the Create Review. 
There are many methods for students to communicate their work from the Create 
phase, and they include written, visual, and/or oral methods.  

One technique we recommend is a brief that captures the form and function of a 
product. There are a number of ways to do this. In industry, especially military research 
and development, a common format is a quad chart. In a quad chart, one quadrant 
provides a graphic of the final prototype, another quadrant provides details on the 
product’s form and function, another quadrant details the product’s performance based 
on the project requirements, and the final quadrant lists next steps a student could take 
to continue the product development process.  

 

 

Product Name 
 

Image 
 
Includes: sketch, prototype photo, or 
digital model of prototype.  
 
Ideas to consider:  

 Comprehensible visual  
 Use of labels and highlights 
 User based perspective 

 

Form & Function 
 
Includes: description of form & function 
 
 
Ideas to consider:  

 List function of components 
 List essential materials  
 List innovative qualities   

 

Performance 
 
Includes: written text about prototypes 
performance 
 
 
Ideas to consider:  

 List how the product meets the 
challenge requirements 

 List how this product adds value to 
to its user/customer 

Next Steps 
 
Includes: written text about how student 
can implement prototype in the 
marketplace (e.g. Share Roles) 
 
Ideas to consider: 

 List questions you have 
 List needs for devleopment  
 List opportunities  
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Design Warm-ups 

Increase your students’ creative juices with design 
warm-ups. Examples are: cognitive challenges such as 
brain teasers, riddles, mysteries, case studies; combo 

challenges such as mash-ups and biomimicry, or 
kinesthetic challenges such as ice breakers, Pictionary, 

or quick build projects.  

Guiding Principle Connection 

Don’t forget to link the project’s guiding principle with the 
Create phase activities. For instance, when designing a 
toy car you may want to consider linking their modeling 

and testing decisions to the laws of motion. 

Avoid Design Copycat 

A common problem that can arise is design 
copycatting. As a general rule avoid showing 

students models from previous class work. If you 
want to show references, show the references very 
quickly or show multiple references to avoid copycat 

designs.  

The “Store” Model 

The store model is a technique to simulate the business 
or entrepreneurial side of innovation. What you can do is 

assign budget costs to building materials. Before 
students can build their model they have to show you 
how their bill of materials is within budget. An added 
benefit of this approach is it provides a nice check in 

moment with your students.  

    Create Authoring Tips 
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Share      [Phase 3, step 2] 

Authoring Goal 
The goal of this outline step is to identify student activities that take place during the Share 
phase of a product development project. For a review of the Explore-Create-Share process, 
please read the article on this topic in the Get Started section. 

 

What are the core activities in the Share phase?   
The Share phase is the third phase of a product development project. The objective of this phase 
is for students to emulate real world experiences by completing final assignments based on 
Industry Roles.    

There are various Industry Roles students can simulate in the Share Phase: designer, artist, 
engineer, anthropologist, entrepreneur, scientist, and more. The objective of these Industry Role 
assignments is for students to imagine how their role would influence the success of their 
product in the marketplace. For example, a Journalist assignment could be writing a press 
release on their exciting invention or an artist could design a product logo to market their 
invention. In this section we will share with you the benefits of the curriculum approach and 
provide you with some examples to try in your classroom.  

 

Share 
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Benefits of Industry Roles 

There are many benefits to including Industry Role assignments in the Share phase. 
One, students get an opportunity to experience how their classroom learning connects 
to real world career experiences. Two, the diversity of industry roles provides a great 
context to differentiate instruction and include teachers from various disciplines. For 
example, after designing a prototype in the Create phase students can take on an 
English-focused role such as a Journalist or a Science-focused role such as an 
Ecologist. Third, Industry Roles provide a context for offering student learning choices. 
For example, you could offer two or three role assignments and let the students pick a 
project that excites them the most.  
   

Industry Role Activities 

Below are classroom activities aligned by a few industry roles: 

 
Anthropologist 

 

 
Engineer 

 
Artist 

 
Journalist 

 
Entrepreneur 

 
Scientist 

 
User Storyboard 

 
Field Study 

 
Map 

 
Political Cartoon 

 
Debate 

 
Oral History 

 
Storytelling 

 
Interview 

 
 

 
 
 

 
Design Brief 

 
Craft-based 

Model 
 

Kit-based 
model 

 
Advanced 

manufacturing 
model 

 
Failure Modes 

and Effects 
Analysis 

 
3-D model 

 
Computer 
simulation 

 

 
Product Brand 

 
Logo 

 
Comic Strip 

 
Exhibit 

 
Book Cover 

 
Diorama 

 
Mosaic 

 
Collage 

 
Painting 

 
Mural 

 

 
News Article 

 
Broadcast 

 
Webpage/Blog 

 
Biography 

 
Post Card 

 
Interview 

 
Book talk 

 
Book review 

 
Business Plan 

 
Market Study 

 
Elevator Pitch 

 
Advertisement 

 
Presentations 

 
Company 
Speech 

 

 
Research 
Proposal 

 
Experiment 

 
Science poster 

 
Analytical 

Model 
 

Research 
Article 

 
Journal review 

 

 
Cross cutting activities: online research, product research, user research, local research, expert 

research, creativity notebook, brainstorming, prototyping, role playing, user study, quad chart, posters, 

videos, audios, skits, simulations, puppet shows, dialogues, demonstration, panel discussion, interview, 

graphic organizer, storytelling 
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Journalist example: News Article  
 

The journalism industry has changed 
tremendously due to changes in 
technology (e.g. mobile devices, social 
media, etc.). Nevertheless, the essential 
elements of writing a great news story are 
the same. An example news article could 
center on this question: “How will your 
product change the world?” As students 
develop their article here are some 
journalism concepts to keep in mind.  

 

 

 

Research  
Knowing your story is 
the key to a good 
article. Research is 
essential. In industry, 
journalists often focus 
on specific areas such 
as sports or politics. 
This is called a beat. 
 

 

 

 
 
 

5 Ws and How 
A traditional guideline 
for writing the content 
of a story is the 5 Ws 
and how (what, where, 
when, why, who, and 
how).  
 

 

 

 

Headline & Lead 
News articles have a 
catchy headline, and 
the first sentence 
summarizes the main 
point of the story, 
which is called a lead.  
 

 

 
 

Inverted Pyramid 
The most important 
aspects of the story are 
in the beginning. Less 
important information is 
at the bottom of the 
article. Why do you 
think journalists do 
this?  
 

 

 

 

Quotes 
Writing a news story is 
often focused on 
people. A great way to 
capture the feelings 
and thoughts of the 
main characters is with 
quotes.  

 

 

 

Imagery   
Although it is not 
required, most news 
articles have a banner 
image at the top. 
Photos, diagrams, and 
drawings capture a 
reader’s attention and 
give a different insight 
into the story.  
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Anthropologist example: Inspiration Portfolio  
 

Product development companies like to work 
with anthropologist because they are experts 
at observing and analyzing human behavior.  
A common practice for anthropologists is to 
keep a record of their ideas (paper napkin, 
notebook, wallet, or digital file). An example 
assignment for a student is creating their own 
inspiration portfolio that describes their 
product development experience. Below are 
some tips to consider:  
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Phase 3  

      Produce 
 
The purpose of this phase 
is to produce guides and 

resources that will facilitate 
classroom instruction. 

To begin student guides 
are produced. Afterward a 

teacher guide and 
technology models are 

produced.  

Step 1: Student Guides  

The goal of this step is to 
provide design tips for 
creating custom student 
guides such as 
worksheets and slide 
decks.  

 

Step 2: Teacher Guides  

The goal of this step is to 
produce a teacher guide 
that will detail specific 
activities and deliverables 
for each unit of the 
curriculum.  

 

Step 3: Tech Models 

The goal of this step is to 
produce 3-D models for 
students to use in a 
project.   
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Student Guides  [Phase 3, step 1] 

Goal     

The goal of this step is to provide authoring tips for creating student guides for the Explore, 
Create, and Share units. 
 

 

Why should I create student guides?  
On many occasions you won’t need to create new documents for your students because there 
are a lot of amazing resources on the web and in print media such as magazines and textbooks. 

Nevertheless, there are also occasions when your teaching objectives won’t align with these 
third party resources. As a result, one of the roles of a teacher is to produce content that aligns 
with their work.  

 

 

Student Guides 

   

At this point of the development 
process you have a detailed outline 
of what your students will experience.  

For many of these learning 
experiences you will need 
supplemental content to introduce 
them to new concepts, activities, and 
procedures.  
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What tools are recommended for authoring Student Guides? 
We recommend choosing the best tools for your classroom situation. This will depend 
on your student needs, your interests, and your technical competencies. Teachers often 
work with these tool types: (1) presentation tools such as MS PowerPoint or Prezi, (2) 
document tools such as MS Word or Google Docs, and (3) Web-based tools such as 
web-quest and learning management systems like Moodle.  

 

Why do you recommend MS 
PowerPoint? 

Experience has shown us that many teachers 
prefer to use PowerPoint to support their 
instruction. Since this format has the greatest 
demand, and teachers are familiar with this tool, 
we recommend using MS PowerPoint so you can 
get support from other educators and share 
resources.   

What goals should I keep in mind when developing a slide 
deck?  

There are two goals when developing a PowerPoint slide deck: (1) to organize your 
instructional delivery, think of the slides as a pacing tool and (2) to engage the 
audience. We highly recommend putting in some time to think about how the content 
looks. An important deign principle is to keep it simple.  For example: 1-3 images per 
slide, 1-3 concepts per slide, minimal narrative (2-3 sentences).   

 

What are the essential elements of the Student Guides? 
1. Explore: activities associated with Get Started, Research Collection, Research 

Analysis, and Explore Review. 
2. Create: activities associated with Ideation, Modeling, Testing/Optimization, and 

the Create Review.  
3. Share: activities associated with Industry Roles. 
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Teachers are  creators. They create lesson plans, worksheets, informational texts, and much more for 
their customers--the students. As young people become more and more immersed in high quality movies, 
games, websites, and other sources of information, it is more and more paramount that teachers design 
student guides that are focused on form (e.g. layout, style, graphics) as well as function (e.g. learning 
objectives, concepts, skills).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tip 1: Build Templates  
Templates facilitate reflection on your 
students’ learning experience and 
streamline authoring.  

When you start drafting student guides at some point you will 
think about the layout. Some questions that may come up 
include:  “where will I place text or images” and “how are they 
related?” This layout is going to affect your student’s reading 
experience and ultimately their learning experience. 

 
Building a template will help you analyze the layout. By 
articulating a general layout of your elements (text and images) 
you can get a view of how all the pieces come together. One 
way to start generating layout concepts is to have a notebook 
handy. As you think about a guide start by creating thumbnail 
versions of the guide. Scribble down where the title will go, 
images, narrative and other content relevant to the guide. You 
don’t need details here. Just rough ideas. You don’t even need 
text. Just scribbles to represent texts and boxes to represent a 
visual. This “thousand feet view” will help you get an idea of the 
overall form and reading flow.  

 
The other major benefit of templates is you can re-use the 
template for multiple instructional materials. This will enable you 
to quickly plug in content and focus on layout, ease-of-use, and 
learning objectives.  

Okay, so templates are helpful. A question you might have is 
“where do I start?” On the next pages you will find tips about 
design and layout. After reading these tips, you will have some 
strategies on how to approach templates. 

    Student Guide Authoring Tips 
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Tip 2: Sticky Information  
There are elements that make ideas stick: 
simplicity, surprise, concreteness, 
credibility, emotion, and story.  

The Heath Brothers pioneered this research (Made to Stick: Why 
Some Ideas Survive and Others Die)..  

 Simplicity: keep it simple; too many details can dilute and 
distract.  

 Surprise: grab student attention by sharing amazing, 
stunning, wild ideas; there are many suprising ideas 
connected to the story of product creation.  

 Concreteness: use facts, images, numbers.  
 Credibility: information is trusted when the source is 

believable and relevant.  
 Emotion: connect content to your students family, friends, 

and their experiences; appeal to their emotions and feelings.  
 Story: tell stories about people; find the drama in a product 

story 

 

Tip 3: Visuals are worth a 
thousand words  
Visuals grab the eye and capture complex 
ideas in a simple manner.  

Using visuals in informational text is very valuable. With a picture 
you can capture many ideas into a cohesive format that can aid 
understanding and benefit long term memory.   

One rule is to use images that improve understanding. Diagrams 
of how something works, a flow chart of a process, a mind map 
showing hierarchy, and other graphic organizers are great 
examples.  

Sometimes authors add images to make a document look 
aesthetically pleasing. This is fine but avoid overdoing it. For 
example, banner images that don’t have a lot of concept value 
but aesthetic value can be a good way to hook a reader’s 
attention. This is a common practice found in design book 
covers, billboards, magazines covers, etc.  

 

Weight 

Drag 

Lift 

Drag 
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Tip 4: Chunking  
Chunk information into bite size packages 
to increase memory retention.  

There have been numberous studies on memory ability. Early 
research stated seven pieces of information is the optimial 
number. Recent studies have narrowed this down to four. 
Whatever the magic memory number is, the key take away is 
that chunking information will aid learning.  

For example the creative process in the Creativity Lab has three 
chunks—the Explore, Create, and Share phases—or in this 
authoring guide there are four phases: Define, Outline, Produce, 
and Implement.    

As you write student guides think about chunking the cateogries 
into three to five chunks. This could be key ideas, themes, 
sources, people, theories, processes, etc.  

 

Tip 5: Text Highlightning   
One way to bring attention to content is to 
highlight information using font and color 
styles.  

Highlighting text is an effective way to bring attention to key 
information. Here are some tips on how to maximize highlighting.  

Don’t highlight too much. Having a lot of text with bold or 
underlined text dilutes significance. Try and keep highlighted text 
to 10-15% of the content.  

Of the three font styles—bold, italic, and underlined—the general 
agreement in design industries is bold is best. Italics is less 
detectable and underlined text can add noise.  

Stick to a palette of colors ranging from three to five primary 
colors. For example, the color palette of the STEM Authoring 
Guide has four major colors (purple, orange, green, and red). 
The blue, gray and black are secondary colors for text and 
diagrams.  

Lastly, go big with your font for title and sub-title text. You can 
see this styling used in magazines. For example, with titles use 
font size of 48 or 36. Then decrease subordinate text by 3-4 
intervals below. For example, Title: 48, Subheadings: 20, 
Paragraph Text: 12.  
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Teacher Guide    [Phase 3, step 2] 

 

Goal     

The goal of this step is to produce a teacher guide that will identify learning objectives, student 
activities and other instructional elements.  

 

What is a Teacher Guide? 
A Teacher Guide is a collection of lesson plans for a specific project. The Teacher Guide is 
organized into three sections: Explore, Create, and Share. The number of lessons per section 
will depend on your curriculum.  Teacher Guides often include slide deck presentations and 
instructional handouts. 

 

Teacher Guide 

  

Explore  

Create   

Share  

The instructional sequence is scaffolded. In the Explore phase, students familiarize themselves 
with the project and conduct background research. Using this foundation, students generate ideas, 
create models and test their product performance in the Create phase. Lastly, in the Share phase 
students present final works based on industry role assignments.  
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What is the puporse of the Teacher Guide?  
There are two goals in producing a Teacher Guide. One is to provide other teachers 
with a step-by-step guide on how to implement your project. Two is to improve your 
mastery in the project by writing and reflecting on your curriculum development. This will 
lead to curriculum improvements that will add value to your teaching and learning. 

 

 

What are the essential elements of a Teacher Guide?  
1. COVER: The goal of a cover page is to engage your audience. There are many 

approaches to making a cover page. You can add photos relevant to the project, 
create a graphic, or pick a design theme from templates from MS Word for 
example. When selecting the cover art, pick graphics relevant to the project 
theme, and don’t forget to include the title and author of the project.  
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2. STANDARDS: Including the education standards covered in your project is 
essential. One of the great features of an Explore-Create-Share unit is that this 
model has a lot of linkages to standards:  
 

a. Explore: reading and writing in technical fields (ELA), information literacy 
(21st century), project planning and collaboration (common core) 

b. Create: brainstorming (design, creative writing), sketching (visual arts), 
prototyping (engineering, technology), testing (science, engineering), 
optimization (engineering, design, technology) 

c. Share: Scientist (biology, chemistry, earth science, etc.), Entrepreneur 
(social studies, business, math), Designer (visual arts, engineering), 
Journalist (English, Journalism, Social Studies) 

One recommendation is to include subjects within and outside of your teaching 
license area. This is important because it communicates the rich nature of your 
curriculum, and it also makes your curriculum more appealing to other educators. 
The best part is the Explore-Create-Share model is an excellent model to include 
multiple subjects; this should be an easy feature to communicate in your Teacher 
Guide.  
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3. LESSONS: The lessons of the Teacher Guide explain how to implement the 
project. We recommend including typical lesson plan elements such as title, 
summary, objectives, standards, activities, materials, and time.  
 
When you design the lesson we recommend following best practices in both 
content and design. The content is the instructions such as activity procedures 
and tips. The design is the overall look and feel that can include font styles, 
colors, and graphics.  
 
In the content area make sure to do a spell check, and, moreover, have someone 
review your work to see that it makes sense to someone other than you. In the 
design area, make sure to use larger font sizes for titles and sub-titles. You can 
also use color to highlight a specific concept or activity step. Lastly, organize your 
content so it is easy to follow. For example, make sure you have enough spacing 
between paragraphs so it doesn’t look crowded on the page. 
 

 

 

42



Jhjhsadfasdf 

 

 

 

 

 

 

 

Asdf 

 

 

Adsf 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tech Models   [Phase 3, step 3] 

Goal     

The goal of this step is to produce 3-D models for students to use in a project.   

 

What is the learning curve of Creo View?  
Creo View is easy to download and use. You can download the Creo View Mobile app for free. 
You can access 3-D models authored by PTC immediately and start viewing models in your 
classroom.  

Creating and modifying models for Creo View requires an investment.  Finding third party models 
on the web requires research time, and creating your own 3-D models requires basic familiarity 
with solid modeling. The payoff is big. Either approach will give you the flexibility to explore 
products tailored to your classroom needs. The options are limitless and there is a huge 3-D 
modeling community out there for you to connect with online.  

  

 
Tech Models 

   

3-D models vary in shape, size, and function. Some models such 

as the simple wind-up toy only contain a dozen parts while 

other models such as the jet plane includes millions of parts. If 

you want to use an advanced model, we recommend using 

other people’s models. If you want a simple object you can 

make your own or access other people’s models.  
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Use other people’s models  Design your own models   

PTC training 

Install Creo 
Parametric 

Install Creo 
Parametric Find files 

Convert files 
to Creo View 

format 

Convert files 
to Creo View 

format 

Train 

Design 
Models 

20 + hours 

1-2 hours 

20 + hours 

10 minutes 

10 minutes 

1-2 hours 

1-2 hours 

GRABCAD 

3rd party library PTC library 

File Formats: 
.prt/.asm  
.igs/.iges 
.st/.step 

PC only 

File format: 
.pvz 

File format: 
.pvz 

File Formats: 
.prt/.asm   

PC only 

Contact PTC 
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Phase 4  
       Implement  
 
The purpose of this phase 

is to implement the 
curriculum in your 

classroom. 

This phase starts with 
instruction, followed by 

reviewing your work, and 
then sharing your 

curriculum with other 
educators.  

Step 1: Instruction  

The goal of this step is to 
share lessons learned 
from implementing 
project-based learning in 
the classroom.  

 

Step 2: Review  

The goal of this step is to 
review the curriculum. 

 

Step 3: Revise 

The goal of this step is to 
revise the content and 
design of your curriculum. 
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Instruction     [Phase 4, step 1] 

Goal     

The goal of this step is to share lessons learned from implementing project-based learning in the 
classroom.  
 

Project-based learning seems like a lot of work, how 
do I optimize my time and resources?  
What we have learned from our teaching and from other teachers is to start small and build up to 
more sophisticated projects. To save time, you can start with only a mini-design challenge that is 
a 1-2 hour class activity. You can also manage time by choosing certain project activities and 
deliverables. For example, the Glider Project focuses on creating conceptual sketches and 
diagrams. This avoids time required to build physical models (if you have the time, building 
benefits engagement and learning). You can also manage resources by focusing on specific 
components of a project. For example, the use of Creo View enables students to explore 
technologies without buying physical copies or organizing a field trip. You can still offer effective 
instructional opportunities by focusing on specific assets of project-based learning. Over time 
you can increase student opportunities by developing your techniques and resources.     

 

Instruction 

   

One way to manage time and resources is to select product 
deliverables that match your classroom requirements. 

Sketch-based 

Craft-based 

Kit-based 

3D design-based 

Machine shop-based 
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Lessons Learned  
If you are already implementing project-based activities or are getting ready to, here are a few 
lessons learned by classroom teachers. As you implement STEM projects, feel free to let us 
know your lessons learned; we can include your insight in future training materials! 

 

 
 

 

 
 

 
 

 
 

Scaffold Curriculum 
 

Creating things requires 
confidence and competence. 
Students need knowledge to 

generate ideas and optimize their 
solutions. They also need to feel 

comfortable taking a leap into 
new areas. One way to support 
this development is to scaffold 

the learning process. The 
Explore, Create, Share process 

is one way to do this. 
 

Student Choices 
 

Students are more invested and 
feel confident when they can 

choose their school assignments. 
One way to offer choice is 

through design-based learning 
because students choose their 
own solution to the problem. 

Another way is to offer project 
variety. For example, during the 

Share phase of a project you can 
let students choose the role 
assignment they want to do.  

 
 

 

Open to Failure 
 

“If you are not prepared to be 
wrong, you will never come up 
with anything original” (Sir Ken 

Robinson). Learning is fueled by 
exploring and experimenting. 
Encourage iteration by having 

open-ended projects (e.g. project 
challenge) and providing 

supportive feedback when things 
go wrong. Students need to feel 
like it’s okay to be wrong and be 
given the opportunity to try again.  

 
 

 

 
 

 

 
 

 

 
 

Increase Your Brand 
 

Host in-school design 
competitions in public locations 

such as the cafeteria or 
auditorium. Participate in out-of-

school design competitions. 
Raise funding resources such as 

in-kind donations or cash 
contributions from grants. Apply 
for student and teaching awards. 

 

Co-Create 
 

Creating is a collaborative 
process. Mimicking this in the 

classroom builds team work and 
project management skills. 

Establish group rituals such as 
sharing ideas and artifacts at 
certain intervals. Drop in on 

teams and provide supportive 
feedback. Be open to new ideas 

that come out of student 
collaboration.  

Engage the Public  
 

When students create products 
for the public, they often exhibit a 

higher level of investment. 
Challenge your students to 

participate in design 
competitions, both in and out of 
school. Create products that are 
distributed to an outside market.  
Invite the public to your school by 

engaging in partnerships or 
hosting events where students 

can share their creative process. 
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In  industry, products are reviewed continuously. In 
engineering this review process is formalized into a 
“phase-gate” method. At every “phase” of the 
development process, a product must be reviewed. If the 
product passes the requirements, it can pass the “gate” 
into the next phase.  You can apply this phase-gate review 
process to your curriculum development process. For 
example, in the Explore-Create-Share model, the Explore 
and Create Reviews are gates.   

Review       [Phase 4, step 2] 

Goal     

The goal of this step is to review your curriculum. 

 

Who can help you review your work?  
One source is your students. During instruction you will get a sense of what did and did not work. 
Ask your students what was interesting and effective. Also ask your students if they have 
suggestions on how to improve their understanding of key information and skills.  

A second source is your colleagues. Getting feedback from your fellow teachers and 
administrators can lead to improvements and inspiration.  

A third source is you. During and after curriculum implementation take time to reflect on what 
worked and what did not. This review process can last throughout your teaching career and can 
result in a very polished project that you know will stimulate student learning. 

 

Review 
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Review Questions  
 Step 1 Step 2 Step 3 
 
Phase 1 
Define 
 

 
Guiding Principle: 

Is the guiding principle 
transferable to multiple 
situations or systems? 

 
Is the guiding principle relevant 

to your subject area?  
 

Is the guiding principle 
valuable to the students?  

 

 

Product:  
Is the product relevant to 

student interest?  
 

Is the product exciting to 
you?  

 
Can the students make a 

product that meets the 
intended requirements?  

 

 

Challenge:  
Does the challenge include 

the guiding principle and 
product?  

 
Is the challenge engaging and 

achievable?  
 

Do you have the resources to 
implement the challenge?  

 

 
Phase 2 
Outline  
 

 
Explore 

Did you kick off the project with 
an engaging hook?  

 
Did you include steps to 

introduce the project or team 
roles?  

 
Do the research activities 

require students to understand 
the guiding principle, product 

and challenge context?   
 
 

 
Create 

Was there an idea selection 
process? 

 
Did you select a modeling 

technique that is approprate 
for your classroom needs? 

 
Did the testing procudures 

align with the guiding 
principle and product 

requirements? 
 

Did students use data to 
inform their optimization? 

 

 
Share 

Are the industry roles relevant 
to the students’ interest? 

 
Are the industry role 

assignments connected to 
what they created in the 

Create Phase? 
 

Do the students get an 
opportunity to share their 

work with an audience (e.g. 
parents, community, other 

students)? 
 

 
Phase 3 
Produce  
 
 

 
Student Guides  

Did you create materials to 
facilitate student learning in the 

Explore, Create, and Share 
phases? 

 
Are the tools and materials 
best suited for your student 

needs? 
 

Did you incorporate graphic 
design principles such as 

chunking content or using text 
highlighting?  

 

 
Teacher Guide 

Did you create a cover for 
your guide? 

 
Did you develop a lesson 

plan for each major activity 
of the Explore, Create, and 

Share phase? 
 

Did you create a sheet 
summarzing the standards 

covered in the unit?  
 

 

 
Tech Models  

Did you identify models that 
would enhance your students’ 

learning experience? 
 

Did you decide which model 
selection process was best for 

your needs? 
 

Did you pursue the training 
you need to acquire the 

models? 

 
Phase 4 
Implement   
 

 
Instruction 

What were success stories of 
the curriculum?  

 
What were problems with the 

curriculum?  
 

How can you improve the 
instructional experience?  

 

 
Review  

Did you get feedback from 
your students? 

 
Did you get feedback from 

your peers? 
 

Did you spend time for self-
reflection and evaluation?  

 

 
Revise 

Did you improve the layout of 
your content? 

 
Did you improve the 
information clarity? 

 
Did you improve the graphic 

design qualities of your 
curriculum? 
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Curriculum is a product, and like succesful products in the marketplace, you need to 
improve curriculum based on your customers—the students—feedback. As a result of 
this revision, an industry or education product provides more value to the customer.  

 

 

 

 

Revise       [Phase 4, step 3] 

Goal     

The goal of this step is to revise your curriculum in order to improve the content and design of 
your curriculum.  

 

What are essential elements to improve in a review 
process? 

There are two essential elements to focus on during curriculum revisions: content and design. 
The content is the information contained within the curriculum. This could include updated 
objectives, standards, activity procedures, and resources. The design includes the overall 
aesthetics and user experience such as layout, ordering content, color use, and font styles. 

 

Revise 

   

Education Product 

Industry Product 

Added Value 

Revise 
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What are key drivers in a successful review process? 

Commitment 

A lot of teachers we have worked with have the “revision itch;” the unending hunger to 
make improvements to their instructional materials.  This desire to improve your 
products or curriculum is an essential factor. You don’t have to be at the extreme end of 
the commitment level spectrum, but you do need to have some interest in learning 
about how to make your materials better and take action by grinding away with your 
computer or pencil and paper. This intrinsic motivation is the fuel for your curriclum 
innovaiton.  

In addition to intrinsic motivation, it is also important to get external support. If your 
adminsitrative team buys in to the benefit of revising curriculum you will have an ally 
who can set up professioanl development time and opportunities to get training, as well 
as review your work themselves.  

Collaboration 

You can spend hours and hours revising your work and may discover it is not adding 
much value to your instruction. One way to break this barrier is to connect with your 
peers and get feedback from them. At one level you can get feedback on syntax and 
grammar. In the engineering industry this fine grain revision is called a product scrub. 
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This “scrubbing” leads to a more polished 
product that is user-friendly. For example, 
clear and concise directions will help your 
students follow the directions and 
succesfully complete your instructional 
tasks.  

 A second level of feedback is 
collaborating with your peers on the 
quality of the content. Other teachers, 
curriculum coordinators, and often 
administrators can share with you new 

instructional approaches, cool ways to present a tough concepts; or suggest new 
resources to include in your curriculum. This peer-based innovation can lead to a much 
more dynamic and rich curriculum. In addition, this inclusion of other educators creates 
a culture of support. For example, their support could save you hours of frustion over 
how to improve one activity. Later on you could pay it forward with some tips as well.  

 
 

Data-Driven 

As you get ready to revise your work it is essential you consult data. This data can be 
qualitative or quantitative. For instance, student comments, teacher observation, peer 
feedback, and mentor/leadership feedback are excellent sources of qualitative data. In 
the quantitave domain, your administrator’s evaluation reports as well as student scores 
on assessments are excellent data sources to identify gaps in your instruciton.  

Another source of data are your reflections. Pick a time in the day when you are best at 
pondering, exploring and brainstorming new ideas. This could be during your morning 
commute, immediately after a lesson, or when you are at home doing the dishes. Give 
these peak reflection times as much attention as possible; it is during these moments 
you will come up with new ideas that can turn a good lesson into a lesson that blows 
your kids away and makes you feel like you 
are on cloud nine. Don’t forget to keep a 
notepad or digital device handy so you can 
record your ideas.  
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    Revise Authoring Tips 

Visual Brainstorming 

When you are planning your curriculum revisions, start 
by creating rough sketches on a piece of paper. These 
sketches can be small thumbnails, a full page, or even 
poster size. The goal of this planning exercise is to get 

a sense of the layout.  

Read, Read, Read 

The more you read magazines, blogs, books, and other 
media about education, the more cool ideas you will 

have to include in your revision. We encourage you to 
build a habit of reading curriculum 2-3 times per week.   

Curriculum Buddy 

Find another educator who loves curriculum too. Catch 
up over coffee or spend some time brainstorming after 

school. Relationships can make innovation more 
enjoyable and lead to many more ideas.   

Boost the Aesthetics 

Like any product in the marketplace, packaging and 
overall design play a huge role in engaging the 

customer. Invest your time into boosting the visual 
experience of your curriculum by adding engaging 

graphics, color styles, and font formats.    
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STEM Authoring Guide 

We hope this step-by-step guide to developing STEM curriculum will benefit your 
teaching and learning. If you want to learn more about STEM resources offered by PTC 
Inc. please visit: www.ptc.com/go/creativitylab 

 

 

 

Contact:  

Ayora Berry 

PTC Inc.140 Kendrick Street Needham MA  

aberry@ptc.com     
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