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Project Background

Engineering for US All (e4usa) is a nationwide NSF-funded program that introduces high school students to 
engineering through a year-long, accessible, and inclusive course—covering topics such as engineering design 
process, community-based design, water filter, wind energy etc.

e4usa + FIRST combines the e4usa classroom curriculum with hands-on robotics activities from the FIRST 
program, giving students a richer STEM experience while expanding access in underserved schools. 
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Course Feedback So Far

The lesson lacks sufficient scaffolding to support student understanding (compared to e4usa curriculum).

Course Feedback So Far

Problem Identification
01    |    How e4usa curriculum echoes 7 Smart Teaching Principles

 
02    |    How XRP curriculum echoes 7 Smart Teaching Principles

03    |    Review XRP curriculum and see what could be added on

 To clarify the issue
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Problem Identification (7 Smart Teaching Principles)
#1 Students’ prior 

knowledge can 

support or 

interfere with new 

learning.

#2 How students 

organize knowledge 

impacts their ability 

to use it effectively.

#3 Students’ 

motivation affects 

how much they learn 

and how hard they 

try.

#4 To develop mastery, 

students need to learn 

skills step by step and 

know when to use 

them.

#5 Practice with 

clear goals and 

feedback helps 

students learn 

better.

#6 Students learn 

better when the 

classroom feels 

supportive and 

respectful.

#7 Students need 

to reflect on their 

learning and 

adjust how they 

learn.

#1 Prior 

knowledge

#2 Organize 

knowledge 

#5 Goals and 

feedback 

#6 Supportive & 

respectful

#7 Reflect & 

adjust 

#3 Motivation 

Motivation 

#4 Step by step Step by 

step 

Simplify
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Problem Identification
XRP Curriculum - Unit 1 (Gate Maze)

Lesson # 1 - Intro to Robotics
Lesson # 2 - Building your XRP
Lesson # 3 - Intro to Block Coding and the Gate Maze
Lesson # 4 - Coding the Gate Maze in Blockly
Lesson #5 - Intro to Python Coding
Lesson # 6- Coding the Gate Maze in Python

e4usa Engineering is Creative - Unit 2 (Water Filter)

2.1 Introduction to Teaming
2.2 Potable Water in the Community
2.3 Introduction to the Engineering Design Process
2.4 Problem Definition
2.5 Brainstorming
2.6 Design Selection & Mathematical Modeling
2.7 Sketching a Design
2.8 Prototype Creation
2.9 Prototype Testing
2.10 Design Iteration
2.11 Design Communication Through Posters
2.12 Product, Process, and Team Evaluation
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Problem Identification (7 Smart Teaching Principles)

Connect the water 

treatment process to 

students’ community 

experiences.

Introduce the 

engineering design 

process and refer back 

to it throughout the 

later activities.

Students can decide the 

testing criteria for their 

designs.

Students engage with 

the engineering design 

process step by step.

Students can refine 

their designs based on 

the results of the water 

treatment tests.

Students present and 

share their work 

through a final poster 

session.e4
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Start with block-based 

(graphical) programming, 

then transition to Python 

programming.

Students are required 

to complete a final 

maze challenge.

Students present and 

share their work 

through a final poster 

session.

#1 Prior 

knowledge

#2 Organize 

knowledge 

#3 Motivation 

Motivation 

#4 Step by step Step by 

step 

#5 Goals and 

feedback 

#6 Supportive & 

respectful

#7 Reflect & 

adjust 

Students have 

freedom to design 

their own product.
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Problem Identification (7 Smart Teaching Principles)

Connect the water 

treatment process to 

students’ community 

experiences.

Introduce the 

engineering design 

process and refer back 
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later activities.
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designs.
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the engineering design 
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Start with block-based 

(graphical) programming, 

then transition to Python 

programming.

Students are required 

to complete a final 

maze challenge.

Students present and 

share their work 

through a final poster 

session.

#1 Prior 

knowledge

#2 Organize 

knowledge 

#3 Motivation 

Motivation 

#4 Step by step Step by 

step 

#5 Goals and 

feedback 

#6 Supportive & 

respectful

#7 Reflect & 

adjust 

Students have 

freedom to design 

their own product.

There is limited 

connection to 

students' prior 

knowledge or 

experiences.

Students need 

scaffolding to 

understand how to 

solve problems 

through 

programming.

The project offers 

limited student 

autonomy, which 

may lead to low 

engagement. For students with no 
programming experience, 
block-based programming is 
still challenging, and Python 
can be difficult to 
understand.

Feedback on 
programming issues is 
not very intuitive.

Students have 
little freedom in 
defining their 
project goals.
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Problems to solve

1 How can the project content be connected to students’ prior experiences and knowledge?

2 How can student autonomy be increased in the project?

3 How can the curriculum be scaffolded to make the programming learning curve less steep？
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Proposed Solutions

A handbook based on the 7 smart teaching principles, listing three course-improvement activities under 
each principle, to help the XRP Curriculum Design Team improve the activities in the classroom .

Target audience
01    |    XRP Curriculum Design Team

02    |    e4usa+FIRST Teachers

03    |    e4usa+FIRST Team
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Proposed Solutions
#1 Prior knowledge #2 Organize knowledge 

● Allowing students to identify robots in life and describe 

programming tasks encountered in daily life (such as mobile phone 

automation and sweeper behavior).

● Guide students to share their views on "programming" to activate 

and clarify previous knowledge.

● Introduce the "You Know I Don't Know" wall to encourage 

students from different backgrounds to share experiences and 

blind spots.

● Design a visual flowchart of "from problem to solution" to teach 

students how to decompose problems, select commands, and 

assemble logical structures.

● Create a common bug prompt card, such as "What to do if the 

robot doesn't move", "It may be because the turning angle is 

wrong", etc.

● Encourage students to write pseudo-code/annotations next to the 

code and explain their ideas in natural language.
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Proposed Solutions
#3 Motivation Motivation #4 Step by step Step by step

● Before the maze challenge, students are allowed to choose the 

path style and design their own maze challenge story background 

(such as "robot delivery" and "jailbreak escape").

● Introduce the role of "maze creator", let some students try to 

design the maze, and others to solve it.

● Set up an achievement system (such as "Creator Badge" and "Most 

Stable Navigation Award") to improve motivation.

● Use a scaffolded transition: natural language → pseudocode → 

block-based → Python.

● Create a coding progression ladder with tiered challenges: e.g., first 

“Drive Forward,” then “S-curve,” then full maze.

● After each new skill, add a brief recap session to reinforce 

integration.
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Proposed Solutions
#5 Goals and feedback #6 Supportive & respectful

● Provide a structured feedback form (e.g., “What’s working / What 

needs fixing / Suggested next step”).

● Use peer review and debugging exchanges: students test each 

other’s code and give suggestions.

● Include quick mini debug challenges to model how feedback can 

guide immediate learning.

● Set up "non-technical communication tasks" in the first two 

lessons, such as role-playing robot action flow, to reduce technical 

anxiety.

● Provide differentiated learning resources: basic students use block 

diagrams, and advanced students consult API.

● Design hierarchical group tasks to let experienced people drive 

inexperienced people and create a mutual learning environment.
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Proposed Solutions
#7 Reflect & adjust 

● Introduce the three reflection questions at the end of each lesson 

(what did you learn today, what problems you encountered, and 

what you will do next time).

● Add "My Debugging Log" at the project stage to record failure 

cases and resolution strategies.

● Encourage students to set and adjust individual goals, such as "I 

hope the robot can avoid three obstacles this time".
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Conclusion
Implementation Considerations

The activities should be introduced progressively and 

matched to students’ readiness. Flexibility is 

key—activities must accommodate diverse backgrounds 

and learning needs. Teachers will need time, support, 

and resources to prepare and deliver these activities 

successfully, and class time should include space for 

reflection and feedback.

Implications on Stakeholders

This approach benefits all stakeholders. Students 

become more motivated, engaged, and self-aware 

learners. Teachers gain deeper insight into student 

thinking and can tailor instruction more effectively. 

Curriculum designers are guided by a research-based 

framework, and schools may see improved learning 

outcomes and a more inclusive classroom environment.
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Conclusion

Integrating the seven learning principles into robotics or STEM education enhances both instructional quality and 

student experience. While each principle targets a different aspect of how learning works, their combined 

application creates a cohesive, supportive, and empowering learning environment. This handbook provides a list of 

practical activities for translating theory into classroom practice, ensuring that all learners are equipped to thrive.
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Other Supporting Materials

How Learning Works: Seven 
Research-Based Principles for 
Smart Teaching

How can you incorporate 
active learning into your 
classroom?

Designing In-Class Activities: 
Examples of Active Learning 
Activities 
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#
#
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https://firstliteracy.org/wp-content/uploads/2015/07/How-Learning-Works.pdf
https://firstliteracy.org/wp-content/uploads/2015/07/How-Learning-Works.pdf
https://firstliteracy.org/wp-content/uploads/2015/07/How-Learning-Works.pdf
https://crlt.umich.edu/sites/default/files/resource_files/Active%20Learning%20Continuum.pdf
https://crlt.umich.edu/sites/default/files/resource_files/Active%20Learning%20Continuum.pdf
https://crlt.umich.edu/sites/default/files/resource_files/Active%20Learning%20Continuum.pdf
https://sites.pitt.edu/~jdnorton/teaching/HPS_2000_Teaching_Practicum/pdf/GSTI-Designing_In-Class_Activities-Handout-Examples_Of_Active_Learning_Activities.pdf
https://sites.pitt.edu/~jdnorton/teaching/HPS_2000_Teaching_Practicum/pdf/GSTI-Designing_In-Class_Activities-Handout-Examples_Of_Active_Learning_Activities.pdf
https://sites.pitt.edu/~jdnorton/teaching/HPS_2000_Teaching_Practicum/pdf/GSTI-Designing_In-Class_Activities-Handout-Examples_Of_Active_Learning_Activities.pdf


Thank you.
Jialing Wu 
wu.6489@buckeyemail.osu.edu
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