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Explosv groWEh of information — Qantitative
Expanding role of technology — Computational
Changes In the nature of the discipline - Interdisciplinary

Bridging school and the real world — Connected to students



Outline for the talk

What is QUBES?

What are the core pedagogical
commitments?

How and why an emphasis on
community?



Outline for the talk

What is QUBES?



QUBES

The Power of Biology x Math x Community

()

As an scientific gateway for eductaion we:
Focus on big challenging problems

Mobilze a community
Coordinate activities
Support collaboration
Provide key resources
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Access to quality content is generally

perceived as the key barrier to getting more

guantitative reasoning into biology

THE NATIOMAL SCIENCE DIGITAL LIBRARY
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The real barrier to getting more quantitative
reasoning into biology

Faculty need support to: e I
= Develop their own skills and Sty 1
confidence, particularly around S EE
pedagogical content knowledge. -
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Faculty mentoring networks are:

Online groups, typically 10-15 faculty
members

Focused on a specific topic or material

Typically meet every two weeks over a
period of several months

Led by teams of expert content and
pedagogy mentors

The benefits of participating in a

faculty mentoring network include:

Take a peek at upcoming Fall 2018 Faculty Mentoring
Networks hosted by our partners on QUBES. Click on the
FMN for more details.
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Welcome to swirl!

‘Reducing Barriers to Teaching with R
in Undergraduate Biology

@ Math Bench
Building mathematical intuition with

online MathBench Biology Modules opportunities in your CURE

Interacting with colleagues across the country who are teaching similar courses T EEEE
: : : : : : NN
Discovering new teaching materials and incorporate them into your courses EEEE
: : . .. HEEE
Learning about new pedagogical techniques proven to be effective in the classroom EEEE
. : : o : : | 1]
Becoming more comfortable incorporating quantitative content into your biology courses EEEE
_— : : o ENEEN
Providing evidence of your professional activities to your department EEE
1
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Situated learning (Lave & Wenger, 1991)
“learning is an integral part of generative social practice in the
lived-in world” (p. 35)

Through legitimate peripheral participation

Community of Practice (Wenger, 1998)
Social theory of learning — “learning...changes who we are by
changing our ability to participate, to belong, to negotiate
meaning” (p. 266)

] |
HER
- - - - ...
Mutual engagement, joint enterprise, and shared repertoire —-
EEEN
Hanselman, J., Scherer, H., Donovan, S., Hale, A. (2016). "Adapting geoscience materials for ~ ® .===
introductory biology courses using the Faculty Mentoring Network", Presentation at the Earth Educators’ mmEEN
Rendezvous: Madison, Wisconsin, July. .==
serc.carleton.edu/earth_rendezvous/2016/program/talks/mondayB/136530.html EEEE
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City parks: wildlife islands in a Gene expression in stem cells Winter is coming! Can you Bon Appétit! Why do male Are you my species? When a species can't stand
sea of cement handle the freeze? crickets feed females during... the heat

Open Education Resources

Old model New model

Polished materials Always beta

Repositories Living documents

Teaching as Teaching as scholarship
private practice
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TEACHING ISSUES AND EXPERIMENTS IN ECOLOGY

Investigating the footprint of climate
change on phenology and ecological
interactions in north-central North
America

Author: Kellen Calinger, 2014

Original published TIEE Module =

12 derivative versions
shared by FMN participants

Implemented in Lecture

Worcester Pobytechan ||
! Inatitute ]

Roanoke College N
i EN
intro to Biology

Intro to Biology




Kerry Byrne

Oregon Institute of Technology

Kerry is an assistant professor in the Natural Sciences Department at Oregon Institute of Technology. There, she teaches
courses in general biology as well as upper division courses in plant ecology, evolution, and botany. She received her
B.5. in Environmental Biology in 2004 from the University of California, Davis, then worked as a plant ecologist for an
environmental consulting firm before receiving her PhD in Ecology in 2012 from Colorado State University. Her research
interests include global change biology and plant conservation, in addition to student learning, attitudes, and confidence

in STEM education. ~ECOLOGICAL SOCIETY OF AMERICA |

Module: Investigating the footprint of climate change on phenology and ecological interactions in north-centre
America

http:/ fecoed.esa.org/index.php?P=FullRecord&ID=539

https: / /qubeshub.org /collections/post /1480

April Conkey

e €5A.0rg/fed/2016scholars/

I'm an Assistant Professor in the Department of Animal, Rangeland, and Wildlife Sciences at Texas A&M University-
Kingsville. I earned B.5. and M.5. degrees in biology from Texas A&RM-Kingsville and a Ph.D. degree in Wildlife and
Fisheries Sciences from Texas ARM University, College Station. My research focuses on wildlife ecology, human
dimensions, and education and outreach. I teach undergraduate level courses on Principles of Wildlife Management,
Wildlife Management Technigues, Human-Wildlife Conflict Resclution, and a graduate level Teaching Methods course.

Module: Exploring the population dynamics of wintering bald eagles through long-term data

http:/ fecoed.esa.org/index.php?P=FuliRecord&ID=320
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Here you can find modules that use image analysis to capture
student's interest and teach quantitative skills in an engaging way. The
idea is simply to use fascinating pictures and real biological research
stories to motivate students to learn the quantitative skills they need.
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R-Studio IDE for R

=

Rstudio is a GUI for R, the statistical programming language

Launch RStudio | RStudio page
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From uction to Image

NetLogo

Mesquite
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thy

Links of intere

wds of student

From the GNU Detave Wikipedia page:

QUOctave is an open source GUI front-end application for GH Octave.
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Ways that QUBES facilitates research

Student Research
Promoting learning environments to reflect practice
Lowering barriers to the use of data and modeling tools
Collaborations among courses

Implementation Research -
Studying the features of QUBES faculty development strategies that
influence implementation success

QUBESHUB as a Research Platform EEEE
We invite proposal to study communities or activities that take place EEEE
around the QUBES Project. EEEE
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What are the core pedagogical
commitments?
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MATH ADD WORD ADD APPLICATION ADD MODELING

PROBLEM LABELS PROBLEM MEANING PROBLEM INTERPRETATION PROBLEM
-_— _ > —_—p

FIGURE I.I: ONE WAY OF TRANSFORMING A MATHEMATICS PROBLEM INTO A MODELING PROBLEM.

111 [ | Bliss, K., Fowler, K., Galluzzo, B., Giordano, F., Godbold, L., Gould, H., ... & Pollak, H. [ | H EEER
=.=.=... (2016). GAIMME: Guidelines for Assessment & Instruction in Mathematical Modeling - = ..=
EE B B Education. Consortium for Mathematics and Its Applications. E B EEEE



DATA SCIENCE FOR UNDERGRADUATES:
OPPORTUNITIES AND OPTIONS

Committee on Envisioning the Data Science Discipline: The Undergraduate Perspective

Computer Science and Telecommunications Board
Board on Mathematical Sciences and Analytics
Committee on Applied and Theoretical Statistics
Division on Engineering and Physical Sciences

Board on Science Education
Division of Behavioral and Social Sciences and Education

A Consensus Study Report of

The National Academies of
SCIENCES * ENGINEERING - MEDICINE

u
Using real data will expose students u

to the messiness of real world —
problems. . | ..==
Selectlng appll_catlons.wnh broad =1
impact makes instruction more EEN
: ) EEEE
compelling, helping to attract and EEE
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retain students. EEE
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ENEEN
Data Acumen - the emergent skills ===
and habits of mind that “enable data l===
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Productive Disciplinary Engagement

The design of learning environments that support:

Problematizing — Accountability —

students are encouraged to students' intellectual work is
take on intellectual problems in made accountable to other
the subject. using disciplinary norms.
Authority — Resources —

students are given authority to students are given sufficient

participate by contributing resources do participate this
knowledge. way.
Guiding Principles for Fostering Productive Disciplinary Engagement:

Explaining an Emergent Argument in a Community of Learners Classroom
Author(s): Randi A. Engle and Faith R. Conant. Cognition and Instruction, Vol. 20, No. 4 (2002), pp. 399-483
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Productive Disciplinary Engagement (teachers)

The design of learning environments that support:

Problematizing — Accountability —

teachers are encouraged to teachers' intellectual work is
take on intellectual problems in made accountable to other
the subject. using disciplinary norms.
Authority — Resources —

teachers are given authority to teachers are given sufficient

participate by contributing resources do participate this
knowledge. way.
Guiding Principles for Fostering Productive Disciplinary Engagement:

Explaining an Emergent Argument in a Community of Learners Classroom
Author(s): Randi A. Engle and Faith R. Conant. Cognition and Instruction, Vol. 20, No. 4 (2002), pp. 399-483



Increasing the Impact

Complete How-to Guide

DESIGNING

EDUCATIONAL
INNOVATIONS
FOR SUSTAINED

ADOPTION

Charles Henderson

Efforts to improve undergraduate STEM
teaching methods have generated many great
ideas and materials, but few have caught on.

The 2014 NSF IUSE Program Solicitation states
that “transferability and propagation are
critical aspects for IUSE-supported efforts and
should be addressed throughout a project’s
lifetime by ensuring attention to designing for
use in a large variety of institutions.”

Very few developers currently do this in their
proposals, because, in large part, they aren’t
sure how.



Institutions

Meetings & Professional Classrooms &
Conferences Societies Departments

Faculty Mentoring

Networks
Community Outreacn e - Open Educational
(Summer Workshop) Practices
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HITS

High-throughput Discovery
Science & Inquiry-based Case
Studies for Today’s Students

Overview

For modern life science researchers, high-throughput approaches can open the doors to discovery of novel genes, drugs, and regulatory networks. The effective design, implementation, and analysis of high-throughput
research require fundamental quantitative skills. Taken together, the opportunity for new modes of discovery and development of associated quantifative skills make integration of high-throughput research into college biology
curricula highly attractive. Yet, the high cost and technelogical demands of high-throughput discovery prohibit its use in most college laboratories. To address this need, this Research Coordination Network in Undergraduate
Biology Education (RCN-UBE) seeks fo improve student quanfitative skills and participafion in high-throughput discovery. Researchers and teaching fellows in the network will learmn about high-throughput technologies and

work together to create novel case studies that will demystify high-throughput approaches and promote discovery science to reinforce cormerstone STEM concepts and quantitative skills in the college classroom.




DIG: Designing an infrastructure and sustainable ®
learning community for integrating data-centric =~ *
resources in undergraduate biology.

Bringing Research Data to the Ecology
Classroom: Opportunities, Barriers, and
Next Stejps




The Power of

§N|BLSE » QUBES_ | S Source

MIELSE is working with the Quantitative Undergraduate NIBLSE is working with the CourseSource Project to

Biology Education & Synthesis Project (QUBES) to articulate a Learning Framework fo
which describes the learning goals and objectives

relevant to undergraduate biological sciences majors.

The NIBLSE community is coordinating an effort
to collect, customize, and disseminate high quality

r Bioinformatics

bioinformatics learning resources. Below is collection of establish learning resource “incubators” to nurture the

Bioinformatics Learning Resources including NIBLSE development and dissemination of promising

Incubators and CourseSource Bioinformatics resources. lesson materials.

Ar A - ek
vore L.ompetency

All learning resources have been reviewed and assigned NIBLSE Core Competencies. To see a full description, click the competency or visit the NIBELS

v

Databare Guide

Click the icon to the right to download a guide on how to navigate a QUBES Database:

Image “  Title * | First Author ~ Description Competencies ~ Status

Competencies Status

Title First Author Description

Liz Ryder - This resource is an exercise to introduce students to agent-based modeling of biologica

Worcester

systems through working with a simple existing model. Itis intended both to show them Reviewed at
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Public Description

Welcome to the MMHub: Mathematical Mods

The Modeling Hub aims to facilitate the integ
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© What is Math

Modeling?

& Podcasts

Beanbag Toss (Grades 6-8)

By Jody Britten', Marka Carson, Jacob Cordeiro, Misael Jiminez', Erika Villegas-
Jiminez!

Pomona Unified School District, CA

The classroom lesson presents students with the task of developing a fair--yet
challenging--beanbag toss game.

Listed in Teaching Materials | resource by group Math Modeling Hub

< Download Bundle

Additional materials available

Version 1.0 - published on 07 Jul 2018
doi:10.25334/Q43D9T - cite this
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NISER Team

Pam Bishop
Kevin Kidder (p)
Sondra LoRe

QUBES partners,
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