
Course 
Overview:
5 sections
of 100 students

Prep Within a Unit Exam
Threads First Days Last Days

College of Natural Sciences
Physics Department

Typical/Prior 
Structure

What is 
Physics?

Math as tool 
(vs. language)

Computation only in 
kinematics

IPLS applications mostly 
in energy and entropy

What is Physics? What is Math?
An IPLS-I Course Braiding Several Threads from Pedagogical Research at Scale

Brokk Toggerson – https://physedgroup.umasscreate.net 

Essential Questions 
for the Course:
1. What is Physics?
2. What is Math?

Entropy Energy Kinematics ForcesBiological 
relevance

Math 
Complexity

Team Based 
Learning Students work in 

teams of 5:
- Made to 

minimize 
soloing

- Named after 
underrecognized 
scientists

“What is Physics?”

Inclusion

Introductory 
Physics for Life 
Sciences

Integration of 
Computation via 
Spreadsheets

“What is Math?”

“Define Glycolysis”

Follow this with a 
series of “Why?” 
questions to get to 
physics-as-
mechanism

Prep contains 
math review and 
is in a free OER

Students 
complete prep 
reading and 
formative 
homework to be 
ready for class

Physics prep is 
“math free”

A Discord server 
provides 24/7 
support

Each unit begins 
with a quiz on 
the prep; Done 
first individually 
and then as a 
team: 50/50.

Students spend 
class time 
working 
problems 
including 
understanding 
models of 
biological 
systems

Students must 
complete journal 
entries reflecting 
on their problem 
solving

Students write 
their own 
equations

To develop 
familiarity: 
spreadsheets used 
as calculators from 
day 1

Problems 
leveraging prior 
non-physics 
knowledge while 
emphasizing 
underlying 
similarity

𝚫𝚫𝚫𝚫 → 𝚫𝚫𝚫𝚫

Adiabatic 
Compression

The “Can 
Crush”

Isochoric 
Heating 

(Calorimetry)
𝑸𝑸 = 𝟎𝟎
𝑾𝑾 ≠ 𝟎𝟎

𝑸𝑸 ≠ 𝟎𝟎
𝑾𝑾 ≠ 𝟎𝟎

𝑸𝑸 ≠ 𝟎𝟎
𝑾𝑾 = 𝟎𝟎

Optional Additional Practice
- “NextTime” problems 

support a given day’s 
material

- Additional Practice 
worksheets for a unit

Instead of the 
limited kinematic 
equations, 
numerically 
integrate authentic 
𝑎𝑎(𝑡𝑡) and interpret 
the results

Full incorporation 
of drag and viscous 
forces as well as 
Reynolds numbers

Reference sheets 
instead of equation 
sheets: they are 
expected to be 
able to “generate” 
all conceptual 
equations

Also follows a 
pyramid structure: 
75/25

UDL: All students 
get double time

Equations
𝑆𝑆 ∝ 𝑘𝑘𝐵𝐵 0! = 1 𝑛𝑛𝐶𝐶𝑟𝑟
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Post-Exam 
Reflections: 
students reflect on 
their preparation 
and performance.

Students must 
generate equations 
based on 
descriptions of 
unfamiliar physical 
laws. 

Peer Evaluation: Students evaluate their 
peers yielding a multiplier for team 
activities.

Teams complete a project combining all the 
topics to enhance understanding of a 
biologically inspired topic such as 
evolutionary morphology.

Students re-answer the questions: 
What is physics?
What is math?

“Physics really deals with the underlying origins 
of all the other sciences. Physics feels like the 
material that you find once you peel back that 

final layer of chemistry or biology…”

National Average DFW Rate 
∼ 𝟐𝟐𝟐𝟐𝟐

Course DFW Rate 
∼ 𝟖𝟖𝟖
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