=
- L
"-kj_‘._!‘- o
~ St
e

= 3‘5;: 4

X -
= o
W o
: e
o A "
ol
:
4
x
i
2
s
- . B
. T
o  Tay,
; . s
| "
e TR S i
j i L A
> = - .y L N
4 o™ h ", j Py &
bt £ & ™ " ad 5B . %

The Importance of Computation in
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The Importance
of Computation
in an Algebra-
Based IPLS-I
Course

“The Importance of Computation” needs no justification here ©

Why is it important in an algebra-based IPLS-| course
specifically and what can it add?

What tools are most appropriate for this audience?
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What is an IPLS Course?

From E. F. Redish et al., NEXUS/Physics: An Interdisciplinary Student Demographics - Major and Year
Repurposing of Physics for Biologists, American Journal of

Biology

Physics 82, 368 (2014).

Traditionally, life The last decade has “When looked at in

science students have seen a concerted the context of biology,
been often treated as  effort to re-envision it becomes clear that
“‘mathematically what physics the traditional course

challenged engineers” specifically tailored to  includes many
this population might  choices when other
look like. choices are
possible—and better
suited to biologists’
needs.”

Biochem. & Molecular Biol

Entropy Energy Kinematics Forces

Mathematical

Biological

Relevance

Complexity

B. Toggerson — University of Massachusetts, Amherst — Physics
AAPT SM24

Psychology

.

Ammal & Pre- | Microbiology |Qther
Veter|nary STEM
Science

Public
Health
§ciences




What Does Computation Add to an IPLS-l Course? ™

Access to authenticity

* “In biological systems fluids are everywhere...”

« Equations involving both linear and quadratic drag are
not analytically solvable.

* The a, (t) data for authentic biomechanical movements
are also lack analytic solution.

Assists “Math as Language”

» Equations, such as the kinematic equations, are “out of the
blue” for algebra-based IPLS students.

« Computation allows recourse to more fundamental and
: . . AP
easily understood principles such as a = =

Object Egoism

» The idea of exclusively focusing on what is happening at a
single moment in time is often foreign to students
acculturated in biology.

» Numerical integration explicitly reinforces this idea.
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How to Teach Computation to IPLS-I

Student Demographics - Major and Year

Original topic order

Animal & Pre-
Veterinary
Science

PN Biology Psychology
N\ N . \
A /] ‘
Led to significant student dissatisfaction
The computation was too “separated off” from the rest of the material.
J b 3

A more integrated and thorough treatment of computation

Biochem. & Molecular Biol

- something had to go.

When presented with the choice: static torque or more thorough use of
computation, Kinesiology advisors unanimously voted for simulation.

. bli
They specifically requested spreadsheets as the tool. i
§ciences

Commonly used in kinesiology Also common in biological labs!
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Some Applications of Computation in IPLS-I M
Integrated Throughout the Curriculum

Diffusion of Gas in a Box ,. How Physics Impacts Evolution: Great Barracuda and Bri
0-25 ©dt A B 0.001 s C D

= S t. " k. > tIs] yIml  voylmis] ay[misi2]| | smmimRiem. SETETETTEECIE

= 0.15 4 0 0.00E+00 0.073278

§ 0.10 I Wor Ing s | =A2+$B$1 =B2+C2*$B$1 =C2+D2*$B$2 0.044788

"o on this one!

Number of Molecules on the Left 7 :
Using Numerical line * Numerical « Add the causes
spreadsheets to integrals with work. integration and of acceleration
show the impact of differentiation. « Determine
increasing the « Use results to biological
num_ber of interpret graphs. consequences.
particles.
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A Key to Success and Student Feedback M

I do not want using
Spreadsheets to be our

«Unfamiliar with only way of doing
spreadsheets as a tool calculations. ..

*Asking “how do | add?”
questions instead of

When simulation
was a standalone

unit, students
struggled

algorithmic.
: : Final Eval: 25 mention
Midterm Eval: 4 negative al tvd o me Hons
. as “most useful thing |
e thay o learned” and no negative.
ready?
Students must Learning how to use spreadsheets Spreadsheet information. | feel like
use spreadsheets : | have become so much more
as their as a way to do calculations. | was : :
calculators from scared of using sheets due to all experienced W{th data/excel
the beginning of the complicated formulas and throughout this semester. It's been
the semester! equations, but it's actually pretty really nice to be able to merge real
easy to use and much easier than life Sk’//S_ that / can use upon
calculators as it sqves the graduating with a subject that |
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1)
2)
3)
4)
o)

6)

Computation provides an avenue to access authentic biological
problems in an IPLS course which often lack analytical solutions.

Computation also provides an excellent pedagogical tool for
exploring a concept unfamiliar to biology: object egoism.

Kinesiology instructors would prefer simulation be taught than
static torque: a key topic for that discipline.

Spreadsheets are the preferred computational tool for biological
instructors at our institution.

To ensure familiarity when we get to algorithms, | have found it
critical to require spreadsheets-as-calculators from day 1.

Students often express frustration early and midsemester, but
come around and find it valuable by the end.
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Questions?

Thank you!
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