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“It was the first time | remember
genuinely enjoying math.”



Geoff Krall

Author of Necessary Conditions: How to Teach
Secondary Math with Academic Safety, Quality
Tasks, and Effective Facilitation

Assistant Professor at Colorado State University

EDEL1410
NECESSARY
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Dissertation, Scholarship, and Speaking

Krall, G. Teacher-Designed Mathematical Portfolio Assessments: Motivations,
Potential Benefits, and Lessons Learned. Can. J. Sci. Math. Techn. Educ. 23,
303-321 (2023). https://doi.org/10.1007/s42330-023-00280-3

Krall, Geoff. The experience of students engaging in mathematical portfolios:
Contributions to mathematical identity and metacognition. University of Wyoming,
2024.
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MATH 155: Calculus 1 for Biological Scientists

» ~400 students/semester across 8—10 sections (taught by Graduate TAs)
» Non-negotiable pre-arranged exam dates for the entire course
» Six quizzes/semester

» My sections: 50-130 students



MATH 255: Calculus 2 for Biological Scientists

» Only one section — no coordination constraints
» No pre-arranged exam or quiz dates
» Terminal math course for all students

» Highly specialized cohort of biology students



What would you do if you
had nearly total agency in
your math class?



MATH 155 Quiz 3: §2.1 - §2.7

@ EOLORADE ATATE
L TRETY
NAME:

SwdemtNumber: [ T T T T T T T 11

1. {4 polnts) For the Brst question, vefer to the following graph of f{r). Write “DXE" if a value
ilowss ol exist.

(s} S(1} = ) tm i) =

(b} lim fiz) = ) hm_fiz)=

E ]

2 (4 polnts) Use the kit defination of derfoatives to dencnstrate that the derivative of fiz) =
is f{x) = 2x. You muast wse the limit definition of a derivative. Credit will mot be given if you

s dvative rules bere. (Note: f'(x) = i *h -1z,

Lab 1: Integration and Derivatives in Biological
Contexts

Introduction
This ksb applics the concopts of derivatives and anté-derivatives to lvestigate scenazios,

1 Rates of Change in a Biological System

In a physiology experiment, the concentration of a bormone in the bloodstream is modeled
by the functhon

Ht’t}-‘k_“
where:

= Hit) s tho hormeose concentration (in arbitrary units),
® ¢ is time in hours after the hormone is released.

W soo this structare of function quite a bit in Béo/Chem. This type of fusction models a
quantity that initially increases due to production or absorption, but later decreases due to
natural decay of elimination. It shows exposnential growth followsd by exponential decay,

1. Sketch a graph ol H(t] for § > 0. Be sare to indicate whete the function appeans 1o be
increasing and decreasing.
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The Lung Model
& Cobwebbing

This is a revised version of a lab for a BioCalc class
covering recursive functions and a stability analysis
technique called “cobwebbing” in the context of a
model of a lung.

Teach time unit represents one breath.

As you work, notice...

The entry point

Who could get started immediately, regardless of computation
skill?

Meaning vs. procedure

Where does the math feel meaningful rather than just
mechanical?

Adaptation potential

What would you need to change to use this in your own
course?

Work with the people around you — this is meant to be collaborative.




One breath — step by step

State at time t

State at time t+1

current concentration p-c, exits p-B enters
— [ ]
(1-p)-c, +p-P
retained outside airin
=(1-p)c,+ p-6
mmol/L il
. J . O\ O\ J
-_— — [] (]
C... (1-p)-c, + p-B




Cobwebbing: a method for qualitative behavior in a updating
function relationship

Plot the equilibrium line p;,.; = p; (basically just y = x)
Plot the updating relationship (basically just y = mx + b or other form)

« Start at the initial value py(po = 0.5 in the example below), draw a line vertically (purple below)
until you hit the updating relationship (red below)

* Move horizontally (left or right) to the equilibrium line (dashed below)

» Vertically (up or down) to the updating relationship

* Repeat 2P,




The Lung Model
& Cobwebbing

This is a revised version of a lab for a BioCalc class
covering recursive functions and a stability analysis
technique called “cobwebbing” in the context of a
model of a lung.

Teach time unit represents one breath.

As you work, notice...

The entry point

Who could get started immediately, regardless of computation
skill?

Meaning vs. procedure

Where does the math feel meaningful rather than just
mechanical?

Adaptation potential

What would you need to change to use this in your own
course?

Work with the people around you — this is meant to be collaborative.




About the entry point
Who could get started immediately? Who might have struggled?

About meaning vs. procedure
Where did the math feel meaningful rather than just mechanical?

About your context
What would you need to adapt this for your own course or content?



Student Feedback



“I think my favorite lab was the
cylindrical coordinate DNA
helices lab because | could
directly apply the calculus
knowledge to something | study
every day in my classes.”



‘I really liked the labs. I felt like they allowed me
to apply what | have learned in a lower stress
environment than a quiz.”

“I think this system is a lot more effective and engaging than

testing, so keep the lab format!”




“Labs helped to solidify the "why" behind
it which | always find very beneficial. Lots
of the things we do feel very
overcomplicated and it's hard to
understand why we learn what we do.”



Making labs work In
your context



How to Generate Labs for Your Classroom

Identify crucial content
» Either readily applicable content OR highly important content

Seek application ideas
*Optional: survey student interests first (sports, music, biology, environmental science...)

Create the labs
I do it in Latex (.tex) to create that professional looking polish

Swap out 4-8 quizzes with labs



... and now for some Fermi estimation.

Seeking application ideas

€-10 sections / x —

8-12 chapters /

textbook x chapter

Adapting tasks

WEﬁzunzzgl;::-: ". & :- ® Awiul Don't totally suck
Quality Tashg™"
TECHNOLOGY , . = = °
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HOW RICH TASKS CAN MAKE & S5 geflectien
ASSESSMENT BETTER,
STRONGER Oeploying and =

Assessing Designing
Tasks, tasks

13.5 to 48 problems

Geoll Krak | Mew Toch Netwrork UNIT 7.1: Rational Numbers 7-NS5.1,2,3 20

S rafOomal fom | GoerMural - 1

PROBLEM BASED MATH 3
1
1
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1*
MY IRITAE] LRI LTI FUSLET PR ein FTND.£.4 2 BBt te Ko egalonm G Ypoim
(SERP)
A Day Out (MARS) 7-NS.1,2,3 2 T
Taxi Cabs (MARS) 7-NS.1,2,3 2 P
Insane Asylum Game (Mora) 7.N5.A.2.B
[remediation, extension, 3
assessment, skill practice]




Google applications of eigenvalues in biological sciences

Al Images Videos Forums Shopping Shortvideos More ~ Tools -

% Welcome, Geoff BT s

Eigenvectors and eigenvalues in biology

> An intricate eig lue sp: Is the sp activity and induced response. Directed
rings of neurons lead to a hole centered on the origin in ... Read more

37 pages

Missing: seienees | Show results with: sciences

What are some applications for eigenvalues to Calculus 2 [for Biclogical Sciences?

Scholarly articles for applications of eigenvalues in biological sciences

... eigenanalysis, with applications to organismal biology - Bookstein - Cited by 55
-+ Sonnet 4.6 Low ~ @ . Networks in life: Scaling properties and eigenvalue ... - Farkas - Cited by 141

Estimating eigenvalues of dynamical systems from time ... - Petrie - Cited by 25

e AIP Publishing
~u-~-t=-t= aip.org » aip » acp » doi» 040012_1_online  §

es in Epidemic and Other Bio-inspired Models

stabthAnaIYSis Oquumbrla 2017 - Cited by 5 — Many authors use eigen values to identify either a disease could

atually die out in the long-term. This is a typical epidemiological problem ... Read more

In a nonlinear system, linearization near an equilibrium produces a Jacobian matrix. The
signs of the eigenvalues of that Jacobian determine whether the equilibrium is stable,
unstable, or a saddle — this is the multivariable analogue of the second-derivative test, and
it's highly relevant to biological models (disease-free equilibria in epidemiology,
coexistence equilibria in competition models).




Components of a Good Lab

2) Group-Worthy

Rich enough that students benefit from
collaborating and discussing together

3) Interpretation & Analysis

Students make sense of results, not just
compute answers
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   p  t + 1 =  p t


  y = x


  y = m x + b


   p 0


   p 0 = 0 . 5  

