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Agenda

*Introduction to the Equitable Calculus for Life Sciences
*Overview of the re-designed Calculus for Life Sciences Curriculum
*A case for contextualization
*Utility-value interventions

*Gamification techniques

EQUITABLE CALCULUS
FOR LIFE SCIENCES

*Discussions and Questions



Towards Closing Equity Gaps in Calculus
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Project Overview

Faculty professional

development to * 9 Faculty coached to teach the course
foster culture * 8 Faculty evaluated new curriculum
change . 3 CRP/Antiracist workshops
. 2 Utility value intervention workshops
. 12 Student assistants trained

Calculus for Life Culturally
Sciences Sequence responsive,
at LACCD pedagogy
Active learning
*  Math 247/248 *  Flipped classroom
* Sunits *  Contextualization
*  Articulated to UCand CSU *  Mitigating pre-requisites by using
*  Videos, tutorials, active learning worksheets technology/Al
*  Available on Canvas Commons
Student motivation Mentorship

o Contextualization
. Utility value interventions
o Gamification

. Peer mentorship
. Campus Visits
. Summer and Winter Institutes




Curriculum

* Available on Canvas Commons: search for “Calculus for Life Sciences”

* Topics encompass a “traditional” calculus for life sciences curriculum,
e.g. Steward’s Biocalculus

* Deliver flipped or hybrid

* Each topic features
* Introduction linking the topic to an application
* short, 8-15 minute video, H5P interactions added
e pre-class quiz, HW sets on MyOpenMath
* a contextualized worksheets for 30-45 min student group work

 Articulated to 8 UCs and 13 CSUs (all)



Articulation of Math 247/248 Sequence

University of California California State University

(uC Berkeley CSU Long Beach California Polytechnic University,
Humboldt

CSU Bakersfield CSU Maritime Academy
UC Los Angeles CSU Channel Islands CSU Northridge
UC Merced CSU Chico San Francisco State University

UCSanbiego  CSUkasBay
UCSamtaBarbara  CSUfresno
UCSamtaCrz  CSUFuleron




Motivation

* The driving force, the energy behind
goal-directed action

 What gives you energy?
 What barriers get in the way?

 NOT personality




What factors go into a student's decision to engage”?

Student
Motivation

What can instructors do to foster the engagement?



Contextualization of Math Curriculum in
Service Courses

* Present math topics in context of applications to problems relevant to
student majors

e Students carry passion for their subjects, not math
e Consider putting students subject first (it will require work)



Select a Problem that is Contextualized

Determine location and value of the absolute
extreme values of f (x) on the given

interval, is they exist.

f(x) = |3 — x|,on[2,5].

* |sit useful?

* |sitinteresting?

e Isitme?

*  What will it cost me?

Social animals that live in groups can spend less time scanning
for predators than solitary individuals. However, they waste time
fighting with the other group members over the available food.
There is some group size at which the net benefit is greatest
because the animals spend the least time on these
unproductive activities — and thus can spend time on feeding,
mating,

etc.

Assume that for a group of size x, the fraction of time spent
scanning for predators is

S(x) =
x+1
and the fraction of time spent fighting with other animals over
food is

F(x) = B(x + 1)?
where A, B are constants. Find the size of the group for which
the total time wasted on scanning and fighting is smallest.



Active Learning Contextualized Worksheet

Developed by Humberto Raya Mendoza, LAVC. Topic: Chain Rule. Title: Sunny Pacoima, California.

Day light is the amount of time between sun rise and sun set. In Pacoima, California the amount of daylight
through the year can be modeled by the sinusoidal function

21T
D(t) = 2.675 cos <% t) + 12.175

where t is in days after June 215t and D(t) is in hours of day light. Use this model to answer the following
guestions:
A. Compute the day light on June 30t.
B. Compute D’(t) and interpret D’(9).
C. A solar panel generates a daily power W in watts according to the equation W (t) = 300[D(t)]>/® .
a) Compute the watts are generated on June 30t?
b) If average American household consumes 29,130 Watts of electricity per day, do the solar panels
provide enough energy to power a household?
c) Compute W'(t)



Utility-Value Interventions

Developed by Dr. Stacy Priniski, Temple University

*Evidence-based activities to help students see

personal relevance and usefulness of course topics.

 |f it is worth it, it is more interesting, it gives
sense of purpose

* |f you can apply it, you can understand it.

Contextualized Culturally Personalized
Relevant




* If we make examples that are relevant to
the “average student” who is left out?

* a “standard” story problem about daily
vs. weekly bus passes: students whose
parents had white-collar jobs answered

: the question differently than those whose
Equity parents worked multiple jobs and/or >

C # , five days/week
onsiderations » How do we make course content

relevant to students with vastly different
experiences?

* What if students have different goals?

* What if applications, careers are
stereotyped?




Foundational Evidence
Context |Studies  [Resuts

High school science

9n-grade math

College psychology

Community college
math

College chemistry,
physics

College biology

Hulleman & Harackiewicz,2009

Gaspard et al., 2015
Rosenzweiget al., 2019

Hulleman et al., 2010

Kosovich et al., 2019

Rosenzweig et al., 2020
Wang et al., 2020

Canning et al., 2018 Curry et al.,
2019 Harackiewicz et al., 2016
Hecht et al., 2019

T interest & grades for students with low
expectancies

1 interest & value
1 value

T interest for students with low grades

T pass rates, esp. for low-performing men

T grades, esp. for students with low grades
T grades; T value for students with low value

T grades & persistence

T interest & value

T grades, esp. for students with low grades, FG-
URM students

T persistence for confident students, FG-URM
students




Implementation of Interventions

Students are given three activities (<15 mins) as course assignments.
 Students are presented 5 quotes based on responses from former
students, about the usefulness of calculus.
Assignment 1

e Make additional
connections and reflect

e Connect calculus to their
own lives.

e Rate the quotes and
choose their favorite.

on how their opinions

about calculus

have changed

Responses graded on thoughtful completion.

Control group rates calculus problems and reflects on what makes a good
homework problem



Sample Quote

| thought calculus was pretty tough. | had to work harder
in that class than most of my other classes. But the
tutors helped. | also did extra practice problems online.
That helped too. Over time it got easier. Now looking
back I’'m glad | put in all that work because calculus
shows up more than | expected. There are equations for
modeling enzyme reactions, for bacteria growth under
the influence of different environmental features. I've
seen those in my classes. And it seems like calculus can
be applied to most kinds of research, including the kind
of research | want to do on the gut microbiome and
diet.

- Carmen, age 21, major: Microbiology



Assignment Responses

| don't think anyone from the beginning willingly takes
calculus with the intent of enjoying it, save for the very
few exceptional students who love math. After actually
experiencing calculus, safe to say my perspective has
changed dramatically: in every chapter we're given real-
world examples, whether it be populations to red blood
cell counts to finding the areas of complex shapes.
Calculus may be a difficulty spike, but along with it
comes multiple opportunities to realize why math
actually matters in this world.



Results: Utility-Value Intervention

Motivation Course Grades

Confidence Career Preparation Course Grades

Control m UV Control m UV

» Student motivation and course grades for Spring 22 — Spring 23 semesters.

* Values are raw means; error bars are +/- 1 standard error. Confidence and Career
Preparation were measured on a 1-7 scale. Course grades were on a 4.0 scale. (110 students)



Results: Utility-Value Intervention, cont'd

Full Sample Completed All 3 Assignments

II II II 1I II . II II II II II

Term 1 Term 2 Term 3 Term4 Term 5 Term 1 Term 2 Term 3 Term4 Term 5

Control mUV Control m UV

» Course grades for Spring 22 — Spring 24 semesters.

» Values are raw means; error bars are +/- 1 standard error. Course grades were on a 4.0 scale. (219 students, 153 students)



You Can't be Serious!

Playing Games in the Classroom?!

In College?!

(Yup... We do...)

Developed by Bamdad Samii, LAMC and A.A.

The Photo by PhotoAuthor is licensed under CCYYSA.




Games and Learning

The gamification of learning is an educational approach that seeks to motivate
students by using game design and game elements in learning environments.

o0 Exploring a new world Exploring a new subject

Quests Learning objectives
Points and badges Grades and awards

Social interaction:
Groupwork

Social interaction:
collaboration and competition

Gamin
earning

Learn from failures Learn from failures

Time limit and stress Deadlines and pressure

22



Common Gaming Strategies

Random
Rewards

e Creates
Enthusiasm

e Builds
Persistence

Point System

¢ Builds
motivation

® |[ncreases
engagement

Challenges
and Levels

e Promotes
critical
thinking

* Builds
patience and
problem
solving

Leaderboard
and Badges

e Develops a
competitive
environment

e Feeling of
recognition

Quests

Role playing

e Encourages
collaboration

e Teaches
Information
gathering

e Engagement
e Creativity




Randomized Reward

Point value for completing daily quizzes are randomly determined. Includes chance for
points for wrong answers.

£
‘,)8
Pros

* Encourages students to prepare
* Increases attendance

Cons
* Instructor needs to keep track

https://wheelofnames.com/



Points and
Perks System

Pros

* Higher motivation to complete
tasks

* Personalization of assessment

Cons
e Keeping track

e Balancing appropriate perks

Develop a system for earning and

using/spending points for course related
perks of their choosing.

& Time Warp — 20 coins

@
Go back in time 2 days and complete an
assignment

u Cloak of invisibility — 20 coins

This item will allow you look through your
notes for 1 minute during a test without the
teacher seeing you

Book of Remedies — 20 coins

This item will allow you to bring in a page of
notes to your next test



Points and Perks System - bonus

Additional gaming strategies:
e Extra points for early completion of task

* Decoy point distribution

 Parlays (Extra points for completing multiple tasks)

26



Leader Boards / Badges

Badgr.com Or Canvas Badges

G5 S v Backack wyPaors (D Introduce opportunities to compete and be
recognized
|
Q Group leaderboard * Creates sense of achievement
Compare and track individual learner progress ° Sets goals

* Pre-built into Canvas LMS

PEEAEEE N Cons
e Demotivation for Lower-Ranked Students

Em

of 11

PPEEG®EE
®®

27



Game as Part of the Course Assessment

Math Hunger Games

\ Introduce activity where student teams compete
to earn credit in the course
:.& :‘a Pros
. .

* Determination of the winner is completely peer based
e Students collaborate by forming teams

2 ?x * Greatly facilitates creative work and critical thinking
* Only need to do better than the opposing team
AN WA} % * Done outside of direct instruction time
P 114
Cons
o_0 o_0 e Additional work for instructor to moderate the game
o'a e

- ! i * First year students have difficulties function as teams
A



ROLE PLAYING

Games are created using Canva images and
H5P platform in Libretexts Studio.

Calculus Island — The Resue

Mon 2/10/23 7:00 AM
Agent x
Urgent: Lost Boat

Agent X,

We have an emergency in Calculus Island. Yesterday, Dr. Morales had taken some of her
Calculus students on a boat to sail by the island and gather some data. Around 18:30 PM we
received a distress call from Dr. Morales' phone about the Captain acting strange and
attacking the students. In the scuffle, the navigation system had been knocked out. Satellite
images show that they boat has crashed into the Rocky shore but there are no signs of the

students or the captain.
We suspect that the Evil Physics Organization is involved. You need you to go there
immediately. And airplane is waiting for you at the airport and it will air drop you at the boat.

Special Agent Epsilon

29


https://studio.libretexts.org/h5p/16797
https://studio.libretexts.org/h5p/14887

Calculus Island — The Resue

Calewtus Island

Complete games:

e
g0 633 + 2T*

(822 + 5z)(3z* + 1)

s
e e

Hmmm.. There are some limits on the tag.

30



A.l. Gamification
Helper

How do | get started

* https://www.playlab.ai/project/clygeop8w09cnxtkp2x3c08x0



https://www.playlab.ai/project/clygeop8w09cnxtkp2x3c08x0

Improvement in Retention and Matriculation Rates

Matriculation in Calculus for Life Sciences COU rse Featu reS

Unauthorized Withdrawals from Calculus for Life Sciences

=e=Matriculated Students  =e=Matriculation Rate
=®=Number of WUs

% WUs/Enrimnt
A\ \
&//\\J /\\

F19 S20 F20 S21 F21 S22 S23 F23 S24

e Contextualization

* Active Learning

* UV Interventions

* Gamification (some
instructors)
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Figure 1. Historical matriculation data for Calculus for Life Sciences at CSUN. Figure 2. Historical data on unauthorized course withdrawals from Calculus for Life Sciences at CSUN.

Percentages of As in Calculus for Life Sciences Percentages of Bs in Calculus for Life Sciences
—— Ty T —— * Reductionin
/\ withdrawals
‘ * Improved
Matriculation

F19 S20 F20 S21 F21 S22 F22 S23 F23 S24

More work needs to be done to

Figure 8. Shares of Bs in Calculus for Life Sciences course by ethnicity.

Figure 6. Shares of As in Calculus for Life Sciences course by ethnicity. ) ) ; . i
Rates are computed relative to sizes of student ethnic groups. Rates are computed relative to sizes of student ethnic groups. close equ |ty achievement gap.

Build better sense of belonging for

struggling students
32



Anatomy of a Set of UV Quotes

+ I honestly don’t think I will use calculus very Authentic mix Dfﬂ]_i_*ill‘liﬂﬂﬁy
many times 1n my life. The majority of the time but all skew positive
we use math it's to solve a simple problem such
as finding prices or discounts or tips. I might
pick a job that requires lots of math, but even
if I don’t I guess I'm still glad I took the
course. Working through calculus problems Mix of concrete and
really helped me to think logically and abstract, specific and
take problems one step at a time. What 1s general connections
the problem? What variables will factor
in? The logic applies beyond just math.

Representation of various
- Marissa, age 22, major: student 1dentities, avoid
Construction Management stereotypes
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Math Hunger Sample Problem

> area of the twi

| 0= Yar
i ds

Student solutions range from a power point, to recorded video, to hand-written (with mistakes)
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