
Student Statement 
of the Problem

The Solution: Getting Help Through Mutual Mentoring The Result
Recruited colleagues 
who teach other intro 
STEM courses to 
these same students

Learned differences in 
language and culture 
which I incorporated 

into my class

College of Natural Sciences
Physics Department

“I would like to go over more 
applications: if I can think of how a 
process works, then I can better 
grasp what is going on.”

“Physics does not directly pertain to 
most biology student's line of 
eventual work. WHY DO WE HAVE 
TO TAKE THIS?”

Mutual Mentoring in Developing an IPLS-II Course
Si Romae Es, Latine Loqui Debes

Brokk Toggerson – https://physedgroup.umasscreate.net 
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x Motivation Explored in many intro biology courses

Physical 
underpinnings 
often 
incompletely 
understood.

Lack of clarity on 
the meaning of 
voltage. 

The importance of 
resistive forces  is 
often 
underappreciated

Impact of 
polarization on 𝐸𝐸 
not usually part of 
intro physics.

𝑝⃗𝑝chem = −𝑝⃗𝑝phys

Important 
factors

Must use 
biologically 
authentic 
molecules with 
with ≈ 𝑞𝑞/𝑚𝑚

Hard to find.

Multiple 
definitions of 
molecular charge 
in biology.

To ensure 
orientational 
stability under 
drift, the 
molecules must be 
∼ spherical

 An unusual 
form of 
electrophoresis 
called “native 
PAGE.”
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Motivation
QM as the first unit in IPLS-II, allows 
the physics approach to be only 1-2wks 
after the Orgo-II presentation

Use particle-in-a-
box to enhance 
understanding

Students have seen molecular orbital 
theory, but typically do not understand 
why MO’s have the shapes they do.

Important factors

Don’t use 
𝛽𝛽-carotene!

Result is off by ∼ 20% 
which is culturally 
unacceptable in most 
biological courses.

Use 1-3 butadine, 
C = C − C = C, 
(∼ 2.5% error) 
or 1-3-5 hexatrine 
C = C − C = C − C = C
(∼ 5% error)

Use the 
chemistry 
language

De-localized electrons  
conjugated 𝜋𝜋-bonds

HOMO vs. LUMO
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Motivation
“Students love an algorithm so they can just apply the 
same thing over and over again without having to interpret 
separate pieces.”

I’d like students 
to be able to…
 

Connect different aspects of 
physics concepts  different 
elements of a mathematical 
representation.

𝐸𝐸 = 1
𝜖𝜖

𝑞𝑞
4𝜋𝜋𝑟𝑟2

 implies that 
electric fields are spherical.

𝐵𝐵 = 𝜇𝜇 𝐼𝐼
2𝜋𝜋𝜋𝜋

 implies that 
magnetic fields are circular.

Become comfortable with 
“recognition of polysemy of 
symbols, acceptance and 
attention to graphic 
conventions, such 
as diacritics and arbitrary 
letters.”

𝐹⃗𝐹𝐸𝐸→𝑞𝑞𝐸𝐸   the electric force 
from an electric field on a 
charge -- that the two 𝐸𝐸’s 
have different meanings.

Recognize that math can 
“tell you things.”

sin𝜃𝜃𝑓𝑓 > 1  in the 
Law of Refraction 
 total internal reflection.

Challenges

“Some students come in from K-12 with a lot of classes 
where it was just memorizing formulas, applying them, 
and doing well; they think that is what math is.”

“Many students tend to think meaning in mathematics 
implies an isomorphism between the 
sign/algorithm/formula and a single meaning, which when 
used correctly will produce one interpretation rather than 
seeing that meaning depends on invoking specific 
contexts, like the physics of forces?”

IPLS-II has really been the glue to 
my understanding in other STEM 
courses. It seems to have a better 
explanation of how and why 
chemistry works. Without 
chemistry it would be much more 
difficult to understand molecular 
biology (my major). And, without 
the mathematics, it would be 
impossible to navigate the 
language of it all.
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