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Teaching physics 
to bio majors and pre-meds

• Many of my students are successful 
in calculus classes 

but freak out when called on
to do algebra in physics.
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Why?
Math in most math classes 

≠
How math is used in physics

In physics we use math to think with.

We blend our physical knowledge with math, 
changing the way we think about the math.*

* Redish and Kuo, Sci. and Educ., 24:5-6, 561-590 (2015)7/30/18 AAPT DC BG06 3



Failing to blend the math and the physics 
has many implications.

• Students focus on numerical calculations, 
and don’t “think with math” 
as they need to do in physics. 

• They treat measurements 
as if they were numbers, 
undermining their ability to build a connection 
between physics and math.

• They have a strong resistance to working 
with symbols and using dimensions and units.
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A key point is that the symbols we work with 
do not stand for numbers but for measurements.



Significant and 
insignificant figures
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A math task:
What is 1.843 x 3.686? 1.843 x 3.686 = 6.793298

A physics task:
What is the area of a room
1.843 m  x 3.686  m?

Could be
1.8434 x 3.6864 = 6.79550976

or
1.8426 x 3.6857 = 6.79127082

Therefore: report answer as 6.79 m2

These digits are INSIGNIFICANT FIGURES.



Feeding the cougar

I saw this sign when 
taking my grandchildren 
to the Como Park Zoo 
in Minneapolis.
Why is the lifespan 
of the cougar listed 
rounded to 10 years 
but its daily diet 
is specified 
to a tenth of a gram?
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Dimensional analysis (DA)
• The traditional notation for DA is 

very confusing. It looks like 
algebra but it isn’t.

[Δx] = L
[Δt] = T
[m] = M

• But then
[Δx1 + Δx2] = [Δx1] + [Δx2] = L + L = L 
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• Traditional DA brackets are 
really asking the question:
What measuring tools were used 
to get this number?

Introduce DA with a different
kind of bracket using icons 
– not symbols.



The key to making it work: Keep at it!

• I introduce the idea “values in science 
are measurements not numbers” early 
and push dimensional analysis throughout the class.
• In the first semester, in addition to it appearing 

regularly in homework there were DA problems on
• 5 of the weekly quizzes
• 3 questions on the two midterm exams
• 1 question on the final

• Many problems involved equations 
that were extensions of what they had seen 
or were totally new to them.
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Generic volume formula question 
using DA and special cases Some quiz questions 

during the first semester
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Generic volume formula question 
using DA and special cases

DA of  ”the jerk”
(time derivative of acceleration

Some quiz questions 
during the first semester
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Generic volume formula question 
using DA and special cases

DA of  ”the jerk”
(time derivative of acceleration

DA of concentration gradient
(for Fick’s law of diffusion)

Some quiz questions 
during the first semester
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Generic volume formula question 
using DA and special cases

DA of  ”the jerk”
(time derivative of acceleration

DA of concentration gradient
(for Fick’s law of diffusion)

DA of capillary action equation
(not covered in class)

Some quiz questions 
during the first semester
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Exam question – multiple DA part (20%) Some exam questions 
during the first semester
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Exam question – multiple DA part (20%)

Exam question – essay on DA

Some exam questions 
during the first semester
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Exam question – multiple DA part (20%)

Exam question – essay on DA

Final Exam Question –
DA of a system we hadn’t discussed

Some exam questions 
during the first semester
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An emphasis on DA was a key part of an 
all fronts effort to get bio majors and pre-meds 
to take symbolic reasoning more seriously. 
Did it work?

On the last day, on an anonymous clicker question, 
I asked “Do you think your skills in reading symbolic 
expressions (equations) and using them to understand 
physical situations has improved in this class?”
• 48% responded “I have improved dramatically”.
• 41% responded, “I have improved a little”.

Many students reported that DA was one of the most 
important things they learned during the semester and 
that it was very valuable in preparing for MCATs.
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To see more components of our 
effort to improve math use for bio 
majors and pre-meds, 
see our PERC poster

and the website with some of our 
materials:
https://www.compadre.org/nexusph

/course/Modeling_with_mathematics
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https://www.compadre.org/nexusph/course/Modeling_with_mathematics

