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COMPILATION: HIGH SCHOOL PHYSICS: IMPORTANT IN CONSTRUCTION CAREERS 
Compiled by Jane Jackson, ASU Dept. of Physics, Modeling Instruction Program.  
 
Background: In 2012, I wrote letters to 50 Phoenix STEM companies, asking for financial 
support for our summer Modeling Workshops at ASU. Three companies responded. One was 
Hunter Construction Company, in Gilbert. Mr. Hunter, the owner, gave us $1000 for tuition 
scholarships. His administrative assistant called me; she said, “Mr. Hunter LOVES physics!”.  
That awakened me to the importance of physics in the construction industry.  
 
Nov. 28, 2018 
From: Jane Jackson, ASU physics department 
    Teachers: I ask for your help.  WHY is high school physics crucial for people who go into 
construction as a career? 
    I ask because a local construction company is considering funding our summer Modeling 
Workshops (ASU tuition scholarships or wages for Modeling Workshop co-leaders), but they 
want positive outcomes. Thus we must convince them that HS physics is essential for their future 
work force. 
 ---------------------------------- 
Nov. 29, 2018 
From: Curtis McKenzie, a long-time physics modeler in southern California (via Jane Jackson). 
    Physics is the one class where the students learn problem solving. 
    Construction blueprints are a work of art.  However, transforming the blueprints into a 
physical entity requires an understanding that goes beyond the interpretation of the plans.  
Students coming out of a physics class are able to transform diagrammatic and written 
problems (read blueprints) into real solutions. 
 ------------------------------------- 
Nov. 29, 2018 
From: Melissa Girmscheid, a long-time physics modeler at Centennial HS in Peoria, a suburb of 
Phoenix. Melissa leads computational physics Modeling Workshops.  
 
    That is wonderful that you’ve found a local company wanting to support Modeling Instruction. 
     I have had a large number of students from our building trades program take physics. 
Besides the obvious connections to the electrical and plumbing trades, I would emphasize that 
the critical thinking employed in physics (and in Modeling) is crucial for skilled trades. 
When you add in the communication and collaboration skills learned in the Modeling 
classroom, we are teaching students to think critically as a team. I would think that this 
would make for more efficient, safer construction crews. 
 --------------------------------------- 
Nov. 29, 2018 
From: Carmela Jones, a long-time chemistry modeler in Illinois. 
    There is a mantra in construction: "Measure twice and cut once." Errors could cost a 
company millions in added time, labor, and materials. How does one know if a particular 
measurement is accurate? 
    Enter math and science, especially trigonometry, especially PHYSICS. For example, when 
framing an initial structure (timber frame, stick frame, steel frame, A-frame, brace frame, etc), 



 
 
 

 

 2 

measuring angles and calculating load-bearing strength is of utmost importance. A worker, even 
if he/she is not a foreman or engineer, could catch an error proactively before it costs the 
construction company, saving the additional costs of a rebuild or materials change.  
    If it's a materials issue, CHEMISTRY knowledge becomes key here.  
    Even in building circular structures, circular dynamics becomes important, ensuring a safe and 
sound result. 
    A really smart doctor (Dr. Jane Jackson) once said: "Physics is everywhere!" 
 ---------------------------- 
Nov. 29, 2018 
From: Carmela Jones [via Jane Jackson. Carmela is a very creative and productive modeler! She 
gave me permission to post this. -- Jane J] 
 
Other contexts where you would "measure twice, cut once": 
* already-described structure framing 
* stick-framing rooms inside a home or building 
* correct framing for windows and doors 
* electrical issues - conduit laying to the house and within the house for wiring 
* plumbing - desired flow rate meeting code for correct pipe-fitting, selecting appropriate pipe 
size based on potential use of plumbing (sinks, toilets, baths, showers, etc.) 
* insulation - materials choices 
* weather-proofing the exterior -- materials selection and the most effective layout design for 
materials on top of the existing dried-in structure 
 
Almost every single step of the construction process requires SCIENCE knowledge. Most times, 
someone else did the math (engineer) and plans are simply followed and obeyed. But the actual 
build doesn't come out exactly as the plans show it should. Many times, adjustments must be 
made on the spot (terrain is not accommodating; materials come in a range normally 
bigger/longer than stated and not exact; the building itself has variations within an acceptable 
range, so measuring and adjusting is key in every situation) and new calculations must be 
made, but only if the people involved know how to THINK. Modeling Instruction teaches 
THINKING. 
 
I know this stuff because my husband and I plan on homesteading when we both fully retire 
within the next two to five years. We have been researching construction extensively over the 
past year. Funny you asked the right question, when I actually knew an answer for the context. 
 
As a teacher, I always asked  at the end of each unit about potential applications for the 
knowledge we just learned. Sometimes I would give them a practicum -- entire class problem to 
calculate, based on one of those applications. 
 
Not just physics is everywhere, but science is everywhere. I had a student who complained: "I 
don't need chemistry. I'm going to be a chef." I made it my personal goal to probe him after 
every unit on how the knowledge might apply to cooking. In the end, he got the picture. :-) 
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Bottom line: every single industry ought to support Modeling Instruction. EVERYONE 
everywhere ought to support Modeling Instruction, period, exclamation points!!! 
 ---------------------------------------------- 
Nov. 29, 2018 
From: Jim Deane, a long-time physics modeler in Kansas (via Jane Jackson). 
 
I thought about the physics applications that could be beneficial in a career in construction. 
 
1. Knowledge of impulse and momentum deepens the understanding of choice of hammer or use 
of a pile driver. 
2. Knowledge of elastic forces deepens the understanding of building material and building 
fastener choice. 
3. Knowledge of heat and heat transfer deepens the understanding of insulation and HVAC. 
4. Knowledge of pressure and temperature, applications of gas laws, and related concepts is 
vital in HVAC service. 
5. Knowledge of electricity and circuits provides a deep foundation of knowledge about the 
purpose of many electrical codes, electrical safety, and troubleshooting electrical circuits. 
6. Problem solving with physical systems and equipment is an obviously useful skill. 
7. At all levels, speaking the "language of engineering" will help communication between the 
workers/supervisors and the White Helmets (engineers). 
 
I would argue that the teaching of physics as it has traditionally been taught has limited utility in 
a career in construction. Teaching physics in the modeling method builds the skills and 
thought processes that would really be beneficial for at least the seven points I made above. 
 ----------------------------------------- 
Nov. 29, 2018 
From:  Ron McDermott, retired physics modeler in New York. 
    Jane, you could probably make a stronger argument for applied math and engineering. I would 
focus on pointing out that there is most likely NO other HS course [than physics] in which 
those topics can be found.  
    Load-bearing walls: (How much load leads to cross-sectional and material demands?).  Does 
this area 'feel” compression or stretching?  How much load does this support have to bear?  Are 
there torquing effects?  Most efficient cutting pattern for minimal material?  Applied 
trigonometry and components of forces (roof applies downward AND outward forces). 
Thinking/processing skills.   
    Laborers can work around that stuff, but SOMEONE needs to know how to engineer at SOME 
level. 
 ------------------------------------- 
Nov. 29, 2018 
From: Steve Papapanu, a physics modeler in upstate New York (via Jane Jackson. He said what 
he wrote here is "just the tip of the iceberg".] 
 
    First, just will mention that I led an engineering career before retiring early and getting a 2nd 
masters in Physics Education at Buffalo State. 
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    First cut -- it depends on whether the construction company is strictly a "fabricator" or if it 
performs a "design" function. 
    If the latter, then for typical structures to be constructed (like bridges, buildings, 
stadiums, etc)--the design has to be "structurally sound".  That involves 
understanding/using the principles of stress/strain, moments.  But these are really just the 
"engineering application" of our old physics friends force and torque (as vectors of course -- 
another physics concept). 
    Another aspect, perhaps not so well appreciated, but relevant, is that many construction design 
companies prefer that their engineers are "Professional Engineers".  That means (in NY at least) 
passing Part I and Part II challenging State Exams to obtain the Professional Engineer License 
(to practice). 
    I did that in NY, and I can tell you there were plenty of physics sub-science questions on those 
exams.  OK -- much of that is beyond the high school level but it definitely builds on the 
foundational concepts and problem solving approaches that HS physics does a great job on 
introducing us to. 
 ------------------------------------------------- 
Date:    Thu, 29 Nov 2018  
From:    Evan Halstead, physics lecturer at Skidmore College 
    The Hyatt Regency walkway collapse 
          https://en.wikipedia.org/wiki/Hyatt_Regency_walkway_collapse 
is a good example in which contractors proposed what seemed like a trivial change to the 
original engineering designs, with fatal results.  A good physics background could have saved 
114 lives. 
 ------------------------------------------------- 
Nov. 30, 2018 
From: Doug Johnson, a retired Modeling Workshop leader in Madison WI (still active). 
     I received a postcard from a woman who had been a so-so student a few years earlier. She 
was living in a commune of some sort in Germany where they were trying to build a brick or 
stone wall that kept falling down. 
     She figured this had to be an issue of force vectors, went to a library to find a physics 
textbook, came up with a solution and was considered “a hero”. 
     I consider this a perfect example of why a course in physics might one day be a benefit to 
anyone. 
 ------------------------------------------------ 
Nov. 30, 2018 
From: Paul Camp, PhD physics education researcher on middle school project-based curriculum. 
    Lots of answers to this, but they are more about engineering than construction itself. By 
"construction," I think of the people actually putting the building together. They don't do 
engineering, and when they try things often go terribly wrong. 
    A resort hotel in Las Vegas is being disassembled right now, never having been used. Why? 
Because the guys putting it together noticed that some steel beams weren't the right shape, so 
they cut them. That fatally compromised the structural integrity of the tower, making 
it unsafe for anyone to use it. It was 40 stories tall before an inspector caught the problem. 
     It isn't clear to me how a knowledge of physics would have prevented that.  
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    The Hyatt walkway collapse, which was another example cited, wasn't even that. It was put 
together exactly according to the design. [Wrong. See the 2 posts on Dec. 2. JJ]  It was the 
design that was faulty, and that is on the engineer, not the construction company. Again, it isn't 
clear how a knowledge of physics in the construction workers would have prevented that.  
 
     Having worked with carpenters and done some carpentry myself, a lot of the applied math 
analysis that people have talked about is just not in the picture. Steel squares and speed squares 
do trigonometry far faster and more accurately than you would do with a calculator and some trig 
functions. I've known only one carpenter who can tell a tangent from Adam, but they can all find 
an angle with a speed square lickety split. 
     What I'm saying is not that a knowledge of physics would not produce better construction 
workers. It might. I'm not sure that is an answerable question based on any data I am familiar 
with. But most of what I read are things that *could* be done in construction but aren't 
because there are better, faster ways that have developed over centuries of practice. 
 
     What I would claim, based on my years of work in cognitive science, is that unless they learn 
physics in the context of realistic construction problems, it won't even come to mind when they 
are on the job. We recall memories based on contextual cues. If those cues don't overlap with the 
cues that the memory is indexed by, formed by prior experience, the memory is unlikely to be 
activated. [Rebutted by John Clement and Gary Jopling, below. JJ] This is why I have been a 
long time advocate of project-based instruction and authentic experience. 
 
     I hate to rain on the "physics is everywhere" parade because it IS everywhere. But that doesn't 
mean you have to be aware of it being there. There are some truly stunning medieval cathedrals 
constructed in blissful ignorance of Newton's Laws. 
 ---------------------------------------- 
Date:    Sat, 1 Dec 2018  
From:    John Clement, a long-time modeler in Houston, now retired. He has a Ph.D in physics 
and knows a lot about science education research. 
 
The 2 replies [on Nov. 30] to the thread provide counterexamples.  Of course Paul's example is 
the most serious one, but neither answers the question of the importance of physics for everyone 
who works in construction.   You must have a statistical sample for valid evidence.  A practical 
understanding of forces and materials can be of benefit for small do-it-yourself projects, but not 
when constructing a large engineered project. 
 
The big benefit of a good science course, not just physics, may come from helping people 
understand how science works, and how to think about science and math.  The habits of thinking, 
or thinking skills, can transfer to other areas.  My experience with the "hand graded" Lawson 
test shows that students show gain on portions that are not covered at all in my physics course.  
Students learn to read and think more carefully, which shows up in the test.  They use cognition 
rather than gut reactions or rote memorization. 
 
The benefit from gaining some understanding of how science works would be an antidote to the 
current political ideas that there are alternative facts.  An appreciation of science methods (not 
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"the scientific method") might be an antidote to the current anti-science political attitudes.  When 
students are confronted with physical reality as a teacher it might help break the incompetence 
effect.  People who are very incompetent tend to rate their competence as being high.  However 
when taught to recognize competence, they become more realistic and become more competent. 
 
A good physics course can put people in the frame of mind that it is possible to research a topic 
and do a better job.  But at the same time, it should make students appreciate that fooling with 
highly engineered designs can be a recipe for disaster.  They should gain some respect for good 
engineering.  Unfortunately the perception of the competence of the lonely inventor such as 
Edison has infected our society.  Edison had a team of people who were very competent.  His 
light bulb "development" helped him create a company that promoted electricity in the home.  
His Edison company essentially failed because he fought AC current and even invented the 
electric chair to prove DC was safer.  Tesla's brilliant engineering killed Edison's DC distribution 
networks. 
 
In the end, the biggest benefit comes from a good science course which does not follow the 
traditional method of teaching science like theologically revealed truth.  Students should learn 
that one can have strong evidence, but that all evidence has some uncertainty.  In other words, 
when you jump off of a tall building there is a very small probability of survival, and the exact 
time of landing is not predictable to infinite precision.  They should also gain a respect for the 
methods and conclusions of scientific research. 
 
The great contribution of Modeling Instruction is not the improvement in physics understanding, 
but the improvement in teaching students how to think.  The vast majority will not use physics, 
but improved thinking may be helpful.   Perhaps we can even help students who suffer from the 
Dunning-Kruger effect.  We have some notable examples of this in politics. 
https://www.sfgate.com/news/article/Incompetent-People-Really-Have-No-Clue-Studies-2783375.php 
 
 ------------------------------ 
Date:    Sat, 1 Dec 2018  
From:    Mitch Johnson in Las Vegas, who is passionate about Modeling Instruction. 
    Okay, I have mostly been lurking for the five years I have been retired, but I will jump in here. 
    I had high school physics, worked drywall hanging and finishing for 23 years, and went to 
college and taught high school physics for 23 years.  I used leverage/torque most every day.   
*Where do you grab sheetrock when you carry it yourself, as opposed to with a partner?   
*Why is it easier to lift sheetrock off of a horizontal stack when you slide it half off, compared to 
trying to lift straight up off a stack?   
*Why do you keep your pan of mud close to your body?   
*Why is a 6 foot handle so much harder to use than a 3 foot?   
*How many boxes of mud should I put on the end of a plank extended out over a stair well so I 
can walk out on it?   
*Why do tall workers need to be more careful about their back?   
*Why do you have to be careful when you place your mixer into stiff mud?   
And on and on.  Not to mention remodels where there is not engineering done and you fly by the 
seat of your pants.  
 ------------------------------ 
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Date:    Sat, 1 Dec 2018  
From:    Gary Jopling, a long-time modeler in Miami FL, now retired. 
    I think that the most important aspect of construction as it is related to physics courses has 
been missed here in the discussion so far. I am a bit surprised that all those modeling teachers out 
there have failed to mention that doing Physics, is by far, one of the best ways to encourage 
and develop problem solving skills and processes. 
    Our Physics and Chemistry students hardly ever experience the opportunity to LEARN 
problem solving and true logic application before coming into our world, and of all the possible 
options out there, the modeling program is one of the few that actually attempts to allow these 
skills to be encouraged and developed. 
    So there, I think, is your answer for your construction people. 
 ----------------------------------- 
Sunday, 2 Dec. 2018 
From: Jim Deane, in Kansas. 
    Paul Camp wrote: “The Hyatt walkway collapse, which was another example cited, 
wasn't even that. It was put together exactly according to the design. It was the design that was 
faulty, and that is on the engineer, not the construction company.” 
 
Hi Paul, 
    The Hyatt skywalk was designed correctly. In the original design, single threaded rods 
extended from the ceiling down to the bottom of the lower of the two skywalks. The on-site 
people (who may very well have included an engineer) decided it would be very difficult to 
thread the required support nuts onto the rod all the way up from the bottom to support the 
upper skywalk. They decided to alter the design, so that the ceiling support would extend to 
below the upper skywalk, and the nut threaded on there. Then the remaining section of rod would 
be threaded from the top of the upper skywalk, and then threaded from the bottom of the lower 
one. 
    Anyone with decent physics knowledge (and the willingness to apply it) can see with a force 
diagram that the force on the single nuts under the upper skywalk are now loaded to twice what 
any given nut would be loaded in the original design. None of those who suggested, discussed or 
approved the change to the original plans thought to look at the physics. Hence the failure. 
 --------------------------------------- 
Sunday, 2 Dec. 2018 
From: Tim Burgess, Modeling Workshop leader in Alabama (retired but active). 
    Jim Deane correctly described the failure [in the Hyatt skywalk] being caused by loading a nut 
and thread with double the expected load, and with a large number of people on both walkways 
the failure was catastrophic.  The original design was sound and difficult to implement, so an 
onsite engineer, not thinking of the physics, approved the change.  So it was an engineer's 
decision, and that person is expected to know and consider the physics.  
     I still agree with the premise that if everyone knew the physics including those cutting the 
support rods, those inserting the walkways and those threading the bolts then the double loading 
would have been more likely recognized. Construction projects where everyone thinks and 
ponders and understands what is being done are likely to be better built.   
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    A broadly educated work force has costs.  In this case specialization has costs too.  The 
argument for a construction workforce informed about the basics of mechanics is made in this 
example. 
 -------------------------------------------- 
Tuesday, 4 Dec. 2018 
From: Paul Camp 
     Tim Burgess wrote: “Construction projects where everyone thinks and ponders and 
understands what is being done are likely to be better built.  … The argument for a construction 
workforce informed about the basics of mechanics is made in this example. 
 
     In an ideal world, certainly. But you're asking a lot from people on the bottom end of the pay 
scale, many of whom are immigrants from poor countries. The more formal training you expect, 
the smaller the workforce pool is going to be. You have to understand that the bulk of the US 
workforce did not come up through US public schools. 
    You're also asking  for a high cognitive load on those workers. They already have one job to 
do. Now you want to add another? If what you expect is that every now and again they might 
notice something and question it, then that begs the question of whether such an incidental 
return is worth the added costs of requiring a higher education level, consequent workforce 
reduction, virtual elimination of immigrant labor, and the operation of supply and demand. 
    I can't answer that and neither can anyone else since there really is no data. In the absence of 
data, one opinion is as valid as another, and neither is worth much. 
   Sure, in the abstract, a well educated workforce is better than a poorly educated one. But that 
world doesn't exist. It is a Platonic ideal, and we live in the shadows on the cave wall. 
 ----------------------------------------------- 
Wednesday, 5 Dec. 2018 
From: Peter Tsun 
    People working in the construction business will build safer structures if they have a better 
understanding of the concepts from rotation, electricity, etc. This would be a good thing for both 
the consumers and the construction businesses. 


