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Preliminaries

@ School System Definitions

o Primary school: K-6 education (ages 5-12)

o Secondary school: 7-12 education (ages 12-18)

o Undergraduate: University education for an Associate or Bachelor’'s Degree
(18+)

@ Bioinformatics: Research, development, or application of computational
tools and approaches for expanding the use of biological, medical,
behavioral, or health data, including those to acquire, store, organize,
archive, analyze, or visualize such data.

@ Computational Biology: The development and application of data,
analytical and theoretical methods, mathematical modeling, and
computational simulation techniques to the study of biological,
behavioral, and social systems.

@ Mathematical Modeling: Aims to describe the different aspects of the
real world, their interaction, and their dynamics through mathematics.

@ Quantitative Biology: Includes bioinformatics, computational biology,
and mathematical modeling.
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Quantitative Biology Education in the United States

@ At the secondary level:

e Common Core
o AP/IB programs
o Other education groups

@ At the undergraduate level:

BIO2010
Degree programs

Courses

Research opportunities




Why Secondary Quantitative Biology Education
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@ Reduction in math anxiety

@ Improved understanding of the natural world

@ Preparation for undergraduate study

@ Quantitative requirements of careers in biology

@ Quantitative requirements of careers in other fields

Quantitative Section
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Resources




Types of Resources

@ Distance Education and Research
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@ Repositories

@ Software and Applications

(E) QUBES

The Power of Biology x Math x Community




Distance Education and Research

@ Web-based courses
@ Tele-conferencing
o Remote research meetings
o Guest lectures
@ Blended or hybrid courses
o Computer Assisted Instruction
(CAl)
@ Online activities or modules
@ File sharing, storage, and
collaboration

Google Drive
Dropbox
OneDrive
ShareLaTeX
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Software and Applications

Software
@ Netlogo*
o Agent-Based Modeling
o Exploring changing parameters
@ Mathematica

o Documented demonstrations
e Combining text, code, and
figures for lessons

@ Matlab
o GUI-based exploration

o Playing with matrices and
statistics

o R

o Introduction to coding
o Free, open-source*

Applications

mathematical biology apps !/ Q

Al Videos  News Images  Shopping  More Settings  Tools

About 26,300,000 results (0.4 seconds)

Bulletin of Mathemaucal Biology on the App Slore |Tunes Apple

https://i -

May 26, 2016 - Read reviews, compare customer ratings, see screenshms and learn more about Bulletin
of Mathematical Biology. Download Bulletin of ...

biomath apps 4 Q

Al News Maps  Videos  Shopping  More Settings  Tools

‘About 70,500 results (0.24 seconds)

Promega Biomath Calculators - Apps on Google Play

Perform everyday lab calculations with a single app. The Biomath Calculators provide a range of
functions essential to molecular biology experiments, including

Promega BioMath Calculators

2calc=tm v
The most sophisticated Tm calculations take into account the exact sequence and base stacking
parameters, not just the base composition(1,2,3). The equation

Promega BioMath Calculators

hitps://www. promega.com/a/apps/biomath/

DNA Conversions; dsDNA: g to pmol; dsDNA: pmol to ug; ssDNA: ug/ml to pmol/ul; ssDNA: pmol/ul to
ug/mi; Linear DNA: g to pmol of Ends; Ligations: Molar ...

Promega Biomath Calculators on the App Store - iTunes - Apple

apple. 14497mt=8 v
Apr 29, 2015 - Perform everyday lab calculations with a single app. The Biomath Calculators provide a
range of functions essential to molecular biology ...




Application in Development

@ The game is intended to:

o Give players exposure to math, decreasing math-phobia and improving math
confidence through progressively difficult modeling scenarios.

o Expose players to mathematical modeling, preparing them for techniques
they will encounter in later educational efforts. Players will also be exposed
to programming and parameter optimization concepts.

@ Provide players with a medium to develop testable hypotheses in an
electronic lab setting on a scale that isn’t otherwise physically feasible.

o Interest students in plant biology, including differences between species and
“invisible” adaptations.

@ Recently funded through the SMB Education and Outreach Grant
(recipient Renee Dale, LSU, USA)
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Repositories

o MathBench

e Data Nuggets
e BioQuest

o QUBES

(E) QUBES

The Power of Biology x Math x Community




MathBench

1: Cows in the commons

@ “Introduces students to
the mathematical
underpinnings of what
they learn in introductory

biology”
‘v;"* @ Modules are interactive
| and use everyday
AN e situations to explain the
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Data Nuggets

@ “Give students practice interpreting quantitative information and making
claims based on evidence.”

@ Activities are broken down by education level

o Level 1: Elementary school and above

o Level 2: Middle school and above

o Level 3: High school and above

o Level 4: Advanced high school and undergraduate

'2:¢ ? 9 2 Below is a graph of the data: Identify any changes, trends, or differences you see in

Finding Mr. Right your graph. Draw arrows pointing out what you see, and write one sentence describing
Featured scientist: Carrie Branch from University of Nevada Reno Wwhat you see next to each arrow.
Research Background:

Depending on where they live, animals
can face a variety of challenges from

the environment, For example, animal 2000
species that live in cold environments 1900

have adaptive traits that help them @
survive and reproduce under those B 1800
conditions, such as thick fur or a layer S
of blubber. Animals may also have $ 1700
adaptive behaviors that help them @ = Male from
deal with the environment, such as @ 1600 same
storing food for periods when itis e elevation
scarce or hibernating during times of 5 1500
the year when living conditions are 5
most unfavorable. These adaptations  Pravosudov g 1400
are usually consistently seen in all s BMale from
individuals within a species. However, sometimes populations of the same species may o 1300 different
be exposed 1o different conditions depending on where they ive. The idea that T elevation
populations of the same species have evolved as a result of certain aspects of their £ 1200
environment is called local adaptation. & 4100
Scientific Question: How does mate choice by high- and low- elevation female mountain 1000
chickadees contribute 1o local adaptation? high-elevation females |
What s the hypothesis? Find the hypothesis in the Research Background and underiine Origin of female

it A hypothesis is a proposed explanation for an observation, which can then be tested
with experimentation o other types of studies.
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@ “A community of scientists,
educators, and learners of all
ages who are interested in

supporting biology education that

reflects realistic scientific
practices.”

@ Three P’s Approach: Problem
Posing, Problem Solving, and
Peer Persuasion

The Sesrch or e
sty Moleculs

T resarch b uiason gves scersscone o ne
‘Gosi vesigatons a suppore al ONA s P
Dol Bucioy
Persstny et
Wikam Cosman

Tim Zarriey

Enter stress factor: o

The Wine simulation allows you to model the fermentation
process and explore variables and their effects on
winemaking.

Students can probe the basic fermentation process.
Enhar such increased alcohol in
cultivated yeasts used in modern wine making can be
explored as well.

! Getting_Started_with...nd_BQLIBOnLine.pdf
"'2 Install Info - WineFerment.pdf

@ Wine.mox

@ WineWork.mox

[ WineYeasts.mox



QUBES

E Using NOAA Sea Surface Temperatures and Survey Data to Map a Caribbean Coral Bleaching Event

@ “Provides logistical,
intellectual, and
community support for
innovative quantitative
biology education
projects and the
extended community
of instructors seeking
resources.”

@ Composed of three
main areas:
o Resources
o Community
e Services

heat stress and ultimately the

amount of coral bleaching i 2005

Climate Change and Phenology: Evaluating Tem

Students evaluate long term (100+ years) rends

rida over a 10 yea

and Phenology of Frogs and Toads in Minnesta

fon, and then isolae  shorter time span (20 years)

Build Your Own Community

Lead a Faculty Mentoring Network

See how QUBES staff can help you
audience by using the Hub infrastructure to collaborate and

share.

Run a Workshop

Hosting workshops and meetings s easy on the QUBES
platform.
o,
\
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Curate Your Own Resources

Share and adapt open educational resources through QUBES.
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Introductory Course in Mathematical Modeling

@ Uses discrete
mathematical models to
analyze problems arising
in the biological sciences,
without using calculus

@ Types of models used:
o Difference equations
o Matrix models
o Agent-based models

e MATLAB

@ Materials provided:
o Course Readings
o Problem sets with some
solutions
o Labs

Discrete Math Modeling
with Biological

nosaDd

Applications (Course (CloC N
Materials)

Rhodes College

In Lab 11 we developed a simple model for the ferret-skink-rabbit food web. In this final project, you will expand
on that project to develop a more sophisticated and accurate ABM. Additionally, you will use data generated from
the ABM to build a matrix model of landscape dynamics

1 Methods

In this experiment, we ran a predator-prey model of lynxes and hares. In order
to test this model, we both used a Leslie Matrix Model of the population, as
well applying an agent-based model to the data, allowing us to observe the
differences between the two forms of mathematical modeling with biological
models. We tested the model under differing initial conditions. These included
beginning with 20 lynx and a random-normal number of hares with a mean of
1.1 and a standard deviation of 0.36 (scenario A), 20 lynx and the number of
hares depending on a mean of 1.15 and a standard deviation of 0.36 (scenario
B), 50 lynx and hare populations with a mean of 1.1 and 0.36 (scenario C), and
50 lynx with the number of hates depending on a mean of 1.15 and a standard
deviation of 0.36 (scenario D).




Technology-Based Learning in Other Courses




Independent and Collaborative Research Using

Technology

@ File Sharing and Storage

o Dropbox
o Google Drive

@ Collaborative Writing

o SharelLatex
@ Google Docs

@ Communication: Google
Hangouts

o Google Hangouts
o Slack

G-
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Calculations and Crime: Teaching with Tech

@ Five days, 9am-12pm each day

@ Maximum class size: 20 Minimum
class size: 6

@ Objective: Use topics from high
school level mathematics to
explore concepts related to
forensic science and criminology

@ Activities

o Footprint and Blood Spatter
Analysis - Linear Regression

o Fingerprint Analysis - Geometry

@ DNA Extraction - Probability

o Body Decomposition - Algebra
(Pre-Calculus)

.
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@ Resources Used

@ Google Slides - Collaborative
Presentations
Math Bench - Punnett Squares
Matlab - Fingerprint Analysis
Desmos - Plotting Data
Youtube - Crime Show and
Informational Clips
@ Difficulties

o Skill Mismatch

o Math anxieties

o Time management

o Assessment/Feedback



Barriers to Teaching with Technology

@ Assessment

@ Professional Development
Opportunities

@ Student Pushback

@ Monetary Constraints
@ Curriculum Inflexibility
@ Instructor Math Anxiety
@ Institutional Pushback

@ Course Development

Individual
DBER Fields

7

Education
!‘ Research

STEM DBER
Alliance

.é@« -

Other Related Disciplines
(e.g., cognitive science,
higher education, economics)
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Conclusions and Future Directions

@ There is a need for:
o Improved publicity for these resources
e Communication about quantitative biology expectations and education
across all education levels
o Grants specifically aimed at supporting educators who want to introduce
more quantitative biology in their classrooms
o Workshops in course and module development

@ Exposure to quantitative biology for younger students is necessary, but it
will not happen if it is not accessible to our educators
@ New resources and opportunities in the field:

Plant growth modeling application

Math Modeling Hub

Faculty Mentoring Networks (open for application)
Upcoming conferences and workshops
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Questions?

¥ @Shelby M_Scott

sscott41@vols.utk.edu
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