
 

 

 

STEM School Chattanooga 
9th Grade PBL 

Unit Plan Template 

 
 

Unit 3: Pinball   
 

Learning Target Topics 
 
Art I: Synthesize and relate knowledge and personal experiences to 
artistic endeavors.  
 
Algebra I: Use slope to determine the height of the game that will 
maximize gameplay. 
 
Geometry: Use properties of similarity to scale the pinball machine 
design. 
 
English I: Write narratives to convey experiences and/or events; Use 
technology to produce writing and display information. 
 
Physical World Concepts: Quantify the kinetic and potential energy of 
the pinball at different points and analyze the amount of energy lost 
to friction using conservation of energy 
 
World History: Create an Advertisement to persuade the audience 

into purchasing the product.  
 
 

Grade Level 9th Grade Unit Length 5 Weeks  
Unit 
Overview 

The Unit 3 Pinball PBL will investigate the essential concepts underlying the principles conservation of energy 
by calculating and discussing potential and kinetic energy in their machine. Students will apply creativity and 
critical thinking to collaboratively design and construct an original tabletop pinball game using digital 
fabrication. Within the game, students will analyze the slope and angles of elevation used to create movement. 
Students will also create a storyline for their game, incorporating elements of the story in the design, 
gameplay, and backdrop for the pinball machine. Students will explain the efficiency of the game design 
through  small group presentations during the Pinball Arcade Event at the end of the unit. 

Unit 
Essential 
Issue 

 
Problem: Can we, as toy designers, use digital fabrication to design and create an engaging and effective 
pinball machine for a 21st century arcade? 

 
Culminating 
Events 

For the Unit 3 PBL, the students will work collaboratively in groups of 2.  Student teams will engineer and 
design an original digitally fabricated 18x24 inch pinball machine.  Students will choose a theme and create a 
storyline for the game, which will be embedded in the design and play features. The students will participate 
in an Arcade Culminating Event where students will play each of the pinball games and vote on the best 
designs. 
 
Kickoff - Hacky Sack Energy Game Event: 
A group of 6-7 students will be attempting to keep an object (balloon and then hacky sack) from hitting the 
ground by only using their feet.  Each group will be sharing their maximum number of hits for each object.  We 
will then debrief and discuss the similarities of the game to pinball and how energy is lost, added, or stored in 



 

the system as well as how the motion is affected by the object and anything that it comes in contact with (air, 
feet).  
 
Pinball Game Requirements: 

● Step #1 must be completed before moving on to the digital fabrication steps. 
● Final Pinball Machines must be 18x24 inches. 
● Students must use digital fabrication in the creation of the final Pinball Machines. 

○ Carvey - Bumpers, obstacles, ramps 
○ Arduinos - light and sound elements 
○ Vinyl Cutter - Decorative elements 
○ Poster Printer - Backdrop Art 

● Pinball Machines must have a backdrop for the Story Poster and Design. 
 
Presentations – Week of Feb. 11-15: 
The culminating event is a Pinball Arcade Day where students present their games including small group 
presentations, and groups will play each other’s pinball machines and vote on the best designs. The following 
items will be turned in as part of the presentation:  

● Final 18x24 inch Pinball Game 
● Presentation visuals for approval 
● Backdrop Story Poster 
● Advertisements must be into Mr. Evans by the end of the week.  

 
The following items will be assessed by the appropriate content area teacher: 

● Algebra 1:  Learning Targets will be assessed through a document submitted to Google Classroom.  
● Geometry: Learning Target will be assessed through a document submitted on graph paper with 

accompanying notations. 
● Physical World Concepts: Learning Targets will be assessed through a document submitted through 

Google Classroom.  
● English I: Learning targets will be assessed through the storyboard for the Pinball Story and use of the 

story in the design and play of the game, explained in the presentation. 
● Art: Learning Target will be assessed through the visuals of the story poster and storyline. 
● History: Learning Targets will be assessed through a video advertisement that presents your pinball 

machine using persuasion and industry jargon.  
 

Common 
Assessment 

 
  

STEM PBL Rubric 
 

 
PBL Unit 2 - Gaming 
Student:   _______________________ 
Date:         ____________ 

 

Advanced Proficient Needs Improvement 
Math Components: 
Algebra I 

● Students will use results from the 
proficient section to determine 
and justify the chosen elevation 
of their game table determined 
by the fastest speed of the steel 
ball that will allow the ball to stay 
in play.  

 
 

● Using 3 teacher-provided ramps, 
students will determine the 
elevation of each table by 
calculating the speed of the steel 
ball versus the height of the 
table. 

● Students will calculate the speed 
of a steel ball released from the 
top of the table using the 
distance formula. 

 

Math Components: 
Geometry 

● Students will prove that three of 
the game obstacles are similar 
using theorems and postulates in 
a formal two-column proof. 

 

● Students will use properties of 
similar triangles  (proportional 
relationships) to prove that 
three of the game obstacles are 
proportional to three others.  

 
 

 

Science Components: ● Students use technology (electrical 
or mechanical) to add a source of 

● Students will use formulas for 
kinetic and potential energy to 

 



 

Physical World 

Concepts  
energy into their game (other than 
launch spring and paddles) to add 
kinetic energy to the ball not 
supplied by human power. 

● (For groups going for AD) 
Programming an Arduino, 
integrate a motor that impacts 
gameplay. 

find the total energy in their 
system at different points on 
their machine. 

● Using the law of Conservation of 
Energy, students will compare 
theoretical to actual data to 
calculate and discuss energy lost 
to friction during gameplay. 

Language Arts 
Components: 
English I 

● Students utilize digital 
fabrication elements in creating 
story elements for the pinball 
machine final design features. 

● Students incorporate elements of 
the story and characters into the 
gameplay elements of the pinball 
machine. 

● Students analyze and explain the 
influence of the story elements 
on the gameplay features and 
scoring of the pinball machine in 
the small group presentation. 

● Students will develop an 
original adaptation story for the 
chosen pinball theme, using the 
storyboard/plot chart. 

● Students will add elements of 
the adaptation, including 
characters, setting, and plot, in 
the design of the pinball game. 

● Students explain the adaptation 
story elements for the pinball 
machine in the small group 
presentation. 

 

Social Studies 
Components: 
World History 

● A clear explanation of why the 
target audience is the ideal 
consumer for the product is 
given in the video.  

● The marketing presentation is 
informative and creative, plus 
there is a memorable marketing 
element that creates a lasting 
impression.   

● Language creates a marketable 
strategy that builds throughout 
the presentation video and is 
innovative in delivery. 

 

● The target audience for the 
game and theme is identified in 
the video, which is appropriate 
for the audience. 

● The marketing presentation 
visuals are informative and 
creative.  

● Language creates a marketable 
strategy that is consistent 
throughout the video. 

 

Art Components: 
Art I 

● Students make an 18x24 
professional story poster with 
color that highlights the major 
visual details of the storyline.  

● Students attach the professional 
story poster to the game. 

● The story poster also contains a 
written explanation of the role of 
the character in the game. 

 
 

 

● Students sketch an 18x24 main 
characters and scenes poster in 
detail with the symbols and 
ideas. 

● Students attach the story poster 
to the game. 

● Students write an explanation of 
the story poster. 

● (For groups going for only PR) 
Programming an Arduino, 
integrate multiple (2 or more) 
LED lights into the story poster. 

 
 

Minimum 
Requirement 
Components: 
Must be included to 
be graded 
 

Algebra I: 
● All calculations and responses should be completed on the assigned Algebra PBL document. 
● Assignment to be submitted through Google PBL Classroom assignment. 

 
Geometry: 

● Storyboard must include at least three frames for the pinball game. 
● Storyboard must be drawn on graph paper using a coordinate plane. 
● At least one of each transformation; reflection, rotation, and translation must be used. 

 
English I:  

● Groups must choose a theme for their Pinball Machine (ex: movie, tv series, book, comics) 
● Storyboard/Plot Chart must include the setting, characters, and plot for the Pinball adaptation 

storyline. 
 
Art:  

● The story poster for the pinball game. 
● The story poster must be a part of the pinball game construction. 

 
World History:  

● Video must include information from the three sections: Innovation, Backstory, and Features that 
separate your machine from the others.  

● Video must be organized in a way that is appealing.  
● Presentation must be submitted through Google Classroom to Mr. Evans by the due date. 



 

 
PWC: 

● The game is playable, and the ball can be launched into the game. 
● Students fill out the data chart with necessary measurements (like maximum height, distance, 

time). 

 
Unit 
Learning 
Targets 
 

Algebra 1:  
● I can use slope to determine the elevation of the game table. 
● I can determine the speed of a steel ball in play using distance formula. 

 
Geometry:  

● I can use the properties of similar triangles to prove that game obstacles are proportional. 
 

PWC: 
● I can record use measurable data to determine the kinetic and potential energy in a system 
● I can compare theoretical data to actual data and compute energy lost using the law of conservation of 

energy and discuss why and how that energy is lost from the system.  
 
English I: 

● I can write narratives to convey experiences and events, including a clear setting, characters, and plot. 
● I can use technology to produce writing and display information visually. 

 
Art: 

● I can use my previous knowledge and experience to create a story poster to explain the storyline for 
the pinball game.  

 
World History: 

● I can present information, findings, and supporting evidence, conveying a clear and distinct 
perspective, such that listeners can follow the line of reasoning, alternative or opposing perspectives 
are addressed, and the organization, development, substance, and style are appropriate to purpose, 
audience, and a range of formal and informal tasks. 

● I can make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive 
elements) in presentations to enhance understanding of findings, reasoning, and evidence and to add 
interest. 

● I can adapt speech to a variety of contexts and tasks, demonstrating a command of formal English 
when indicated or appropriate. 

Vocabulary  
Math: Algebra I 1. Slope 

2. Rate 
Math: Geometry 1. Similar Triangles 

2. Proportionality 
Science: Physical World Concepts 1. Conservation of Energy 

2. Kinetic Energy 
3. Potential Energy 

Language Arts: English I 1. Elements of Fiction 
2. Storyboard 
3. Adaptation 

Social Studies: World History 1. Marketing 
2. Persuasive Techniques 
3. Appeal 

Art: Art I 1. Design Elements & Principles 
2. Composition & Development 

 
 

 


