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COMPILATION: engineering courses & projects that use Modeling Instruction 
 
From: Hugh Ross  
Date: Sat, 23 Feb 2013  
    I am designing a one-semester engineering physics course for the next school year as a follow-
up to a year of physics modeling. Is anyone teach a similar course? I have a few ideas for 
projects, but I am very interested in what other modelers are doing. If you are willing to share 
your syllabus from a similar course and/or engineering project ideas, please respond directly to 
my email: hross@guerincatholic.org 
 ----------------------------------- 
May 1, 2015 
From: Paul Wolf 
     I am a high school teacher who has been teaching physics and math for about 9 years, and am 
new to modeling. 
     I am teaching an engineering class this year, but i feel like I am doing an inadequate job, as it 
has mostly been "make this" and then giving participation grades. 
    The engineering class is a mix of students of all grade levels, all english speakers, mostly 
middle-income.  Some are highly experienced AP Physics and Calc kids, others are just now in 
Algebra 1. In general, they are all pretty game as long as it's interesting.  Is there any specific 
curriculum or book that someone could recommend for a class such as this? 
  --------------------------- 
Date:    Fri, 1 May 2015  
From:    Casey O'Hara  
Hi Paul, 
     I designed an engineering course at my school around a series of projects, each unit building 
on the previous.  I had a similar cross-section of students, and not much in the way of tools, 
equipment, or space.  I had the advantage of an engineering background, so many of my projects 
were "borrowed" from my undergrad and Masters engineering programs.  I relied heavily on 
Project-Based Learning principles, and many projects involved some sort of modeling-style 
lab activity to understand the topic studied. 
     Since then, I've been working with a group of early career teachers from the Knowles Science 
Teaching Foundation, in our Engineering Task Force (sounds important, doesn't it?) to develop 
our own understanding of engineering in the classroom.  We've been putting together resources 
to help other teachers who are new to engineering, though there is still a lot of work to be done. 
      
Here is my own website with the projects I used in my course.  It's a couple of years out of date 
(I'm no longer in the classroom) but most of what you need for each project should be there.  
https://sites.google.com/site/oharascience/engineering-green-tech/e-gt-projects 
 
Here's a .zip of materials I presented at a 2013 Exploratorium workshop on Engineering in 
STEM.  This is the first project I would do in my class, to help students understand an 
engineering design process that we constantly referred back to throughout the year.  It also 
introduces a few formalized tools to help students get beyond the fiddle-with-it-until-it-works 
mode, to become more deliberate in their designs.  There are .pdf versions to maintain the 
formatting, and .docx if you want to make some edits. (Click on the little arrow to the right - not 
on the filename itself .)  
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https://sites.google.com/site/oharascience/teacher-resources/expl-eng-ws 
 
Here's a quick intro to the KSTF Engineering Task Force four-phase design process, based 
closely on the NGSS three-phase, but with communication explicitly added in. 
http://kstf.org/wp-content/uploads/2015/04/Kaleidoscope_Four_Phases_V1-I2_041115.pdf 
(shameless plug: the rest of the KSTF journal, teacher-authored stories on STEM education: 
http://kstf.org/kaleidoscope/ ) 
 
And here is the KSTF ETF website, with more details on our four-phase design process, some 
projects that try to exemplify our pedagogical philosophy, and plenty of resources. Check it out. 
https://sites.google.com/site/kstfengineering/home 
 
Good luck! 
Casey O'Hara 
Project Scientist, Ocean Health Index <http://www.oceanhealthindex.org/> 
National Center for Ecological Analysis and Synthesis <http://www.nceas.ucsb.edu/> 
735 State Street, Suite 300, Santa Barbara  CA  93101 
 --------------------------------------------- 
From: Nathan Moore (organizer of Modeling Workshops at Winona State Univ) 
Date: Wed, 13 Dec 2017  
Hi All, 
     For a few semesters we've been having our elementary-ed majors fabricate ~5W, 1.5v, $6 PV 
solar panels.  After the epoxy cures, we use the students' panels for a few characterization 
activities.  It’s a fun lab cycle, and doing post-lab discussions on panels that don't work quite 
right can be a good way to get at both engineering standards and reinforce circuit laws.   
     In the Modeling curriculum, the activity fits nicely after the first CASTLE E&M unit.  
Students need to understand "closed conducting path," and being able to draw an energy bar 
chart for a charge moving around a closed loop also helps.   
     We have a pre-print (draft, not peer reviewed, not published) online,  
            http://arxiv.org/abs/1712.04029 
We'd be grateful for any comments, criticisms, or questions you might have about the project. 
Nathan Moore (and Carl Ferkinhoff), Winona State University 
 ------------------------------------------ 
Sept. 18, 2018 
From Hugh Ross (Hugh’s degree is in engineering. He leads Modeling Workshops in Indiana.) 
    Engineering physics is a one-trimester class with a prerequisite of modeling physics. We begin 
the class with a review of our physics models by solving open-ended, multi-model scenarios. 
Groups also analyze, design, and test a ballistic pendulum.  
   Next, we begin our aerospace / computer engineering unit by developing a model for air drag 
using falling coffee filters. This model allows us to make predictions for the motion of real 
objects falling through our atmosphere using Newton's Laws and Euler integration. We use 
spreadsheets to "code" the solutions, beginning each project with engineering flow charts, and 
the culminating project is the creation of a flight simulator (treating the aircraft as point particle 
with lift, drag, thrust, and weight).  



 
engineering courses & projects that use Modeling Instruction 

 

 3 

    Next, our theoretical electrical engineering unit begins with three-dimensional mapping of an 
electric potential in the vicinity of copper patterns painted on resistive paper. From this, abstract 
ideas of electric fields and potential are developed, and circuits are built and analyzed.  
    Finally, we move into mechanical engineering by solving for the forces in truss structures 
using a nodal analysis, and the course culminates with a contest where the students design, build, 
and bust balsa wood bridges.  
    Many students in this class are taking IB chemistry, and are on track to get a full IB diploma. 
They are giving up their one study to take engineering physics. 
    Here are some of my project resources: 
*  Bowling Ball "Reentry" Project and Energy Extension: 
https://docs.google.com/document/d/1RGoxeqUHMdK6Be0_kpmdDe8lbjzxK2Nk6N_2NH4bwfQ/edit  
 
*  Flight Simulator Project: 
https://docs.google.com/document/d/1AK2IquUrz0I-NbvE7DQvZ84UKtigi4OmjMM87KCu5IY/edit 
 
*  Electric Potential Map Project: 
https://docs.google.com/document/d/1TKXTRfodpAFJWR6nFcNayRX197O7xlRUHJ2hDwk7d3w/edit 
 
 
[Jane’s note: other engineering and STEM projects contributed by modelers are at  
http://modeling.asu.edu/Projects-Resources.html, in the section on real-world applications. ] 


