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Make Your Course More 
Effective and Societally Relevant

AGU, December 9, 2019

Reginald Archer, Tennessee State University

Anne Egger, Central Washington University

Catherine Riihimaki, Princeton University

The National Association of Geoscience Teachers
NAGT supports a diverse, inclusive, and 
thriving community of educators and education 
researchers to improve teaching and learning 
about the Earth.

Goals:
• To foster improvements in the teaching and 

learning about Earth as a system at all 
levels of formal and informal instruction;

• To emphasize the societal relevance of 
geoscience and its cultural significance for 
all people;

• To foster and disseminate research in 
geoscience education;

• To promote the professional growth of our 
members.

Building geoscience expertise and an Earth-literate 
society through high-quality education

www.nagt.org

Designing Effective Courses
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Workshop Goals

By the end of the workshop, participants will be able 
to:

• Strengthen your course materials through making 
them more applied toward societal challenges and 
more consistent with research on how people 
learn. 

• Develop a working knowledge of the impacts of 
making courses societally relevant.
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Workshop Framework

• Participants should actively participate
• All voices are valued and should be heard
• We should avoid unnecessary jargon
• This workshop is for YOU and can be modified 

on the fly to better meet your needs
• Others?

Outline
• Introductions and ice breaker
• Why make your course societally 

relevant
• How to make it more societally relevant: 

InTeGrate and implementation strategies
• Explore materials and action plan
• Next steps
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Introductions

Icebreaker
• Move to part of the room that represents 

the geographic location where you 

teach

• Find 1-2 people to talk to

• Within your group, come up with at 

least three Earth-related societal issues 

you face in your region
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Societal relevance helps students connect 
what they learn in the classroom with the 
world around them
• Geosciences provide a framework for the comprehension of 

humanity’s evolution and interaction with the material world 
of earth1

• Successful strategies to recruit and retain students include 
making sure that geosciences are relevant2

• Students’ experiences should be discussed and infused in the 
learning

• Students have the opportunity to learn by building on their 
personal background and academic strengths

• STEM education must start with real-world situations to spark 
students’ interests. 1. Archer, et al 2019

2. Huntoon and Lane 2007

Issues society is facing at the global, national, 
and local levels 

French Geological Survey: 2009
1. Climate change: the post-Kyoto challenges
2. Oil and gas: peak or plateau?
3. Clean coal: CO2 capture and storage
4. Uranium : what will tomorrow's resources be?
5. Geothermal energy: a resource for the future
6. The new rush on mineral raw materials
7. What materials will we be building with 
tomorrow?
8. The water resource
9. Geological risks
10. Utilizing and developing underground space

https://www.americangeosciences.org/critical-issues

http://www.brgm.eu/news-media/10-core-challenges-geosciences
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Issues according to millennials! 
1. Climate change / destruction of nature 

2. Large scale conflict / wars

3. Inequality (income, discrimination)

4. Poverty 

5. Religious conflicts

6. Government accountability and transparency / 
corruption

7. Food and water security

8. Lack of education

9. Safety / security / well being

10. Lack of economic opportunity and unemployment

https://www.businessinsider.com/world-economic-forum-world-biggest-problems-concerning-millennials-2016-8

The vast majority of college-educated Americans have never actually had a 
geoscience course – So how can we be prepared to address “grand 
challenges?”
How to understand and 
respond to environmental 
change

Knowing where everything is at all times 
(GPS, RFID, IOT, Wireless…etc.)

How to promote 
sustainability

Role of the citizen (neogeography, 
volunteered geographic information, or 
VGI)

How to recognize and cope 
with the rapid spatial 
reorganization of the 
economy and society

A technology of dynamics (real-time 
monitoring and analysis)

How to leverage 
technological change for 
the benefit of society and 
environment

The third, fourth, and fifth dimensions 
(including time and uncertainty)

Challenge of education (basic GI concepts 
for public consumption)

Gould, 2010, NRC 2010, Goodchild 2010

How to understand and 
respond to environmental 
change

Knowing where everything is at all times 
(GPS, RFID, IOT, Wireless…etc.)

How to promote 
sustainability

Role of the citizen (neogeography, 
volunteered geographic information, or 
VGI)

How to recognize and cope 
with the rapid spatial 
reorganization of the 
economy and society

A technology of dynamics (real-time 
monitoring and analysis)

How to leverage 
technological change for 
the benefit of society and 
environment

The third, fourth, and fifth dimensions 
(including time and uncertainty)

Challenge of education (basic GI concepts 
for public consumption)
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Millennials experience greater difficulty in 
securing a job that utilizes their degree than 
those of a similar age a decade ago
• Global climate change and increased urbanization 

represent significant challenges to human society, 
but also provide many career opportunities.
– Geospatial technology
– Geosciences/Climatology/Hydrology
– Science education (k-12)
– Economic development
– Health sciences
– Global Studies/Geography
– Green Infrastructure development

https://bestworkinc.com/10-serious-problems-millennials-face/

Incorporate 
current affairs

• Bigger fish like these have 
greater energy needs. 
According to the authors, these 
animals are starting to move to 
the shallow surface layers of 
the seas where there is more of 
the gas dissolved. However, 
this make the species much 
more vulnerable to over-
fishing.

https://bestworkinc.com/10-serious-problems-millennials-face/
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• On the surface, this appears to 
be good news. The sneaker 
industry is tuning in to the 
needs of consumers in a way 
that can help make the world a 
better place.

• However, the carbon emissions 
attributed to these eco-sneakers 
are only 9.12% less on average
than the emissions of a 
standard pair of sneakers.

• And they cost an additional 
$48.79.

2016 US Presidential Election Map By County & 
Vote Share

https://runrepeat.com/eco-sneakers-research
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Interesting crescent shape?

Obama's Secret Weapon In The South: 
Small, Dead, But Still Kickin‘ -2012 (NPR)
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Those counties went 
for Obama because 
trillions and trillions 
and trillions of teeny 
sun-loving creatures 
died there

During the 
Cretaceous, 139-65 
million years ago, 
shallow seas 
covered much of the 
southern United 
States

These tropical waters were productive–giving rise 
to tiny marine plankton with carbonate skeletons 
which overtime accumulated into massive chalk 
formations

• The chalk, both alkaline and porous, lead 
to fertile and well-drained soils in a band, 
mirroring that ancient coastline and 
stretching across the now much drier 
South.

• This arc of rich and dark soils in Alabama 
has long been known as the Black Belt.
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Booker T. Washington, coopted the term to refer to the entire Southern 
band. Washington wrote in his 1901 autobiography, Up from 
Slavery, “The term was first used to designate a part of the country which 
was distinguished by the color of the soil. The part of the country 
possessing this thick, dark, and naturally rich soil…”

Over time this rich soil produced an amazingly 
productive agricultural region, especially for 
cotton.
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“The part of the country possessing this thick, dark, and naturally rich soil 
was, of course, the part of the South where the slaves were most profitable, 
and consequently they were taken there in the largest numbers.

Later and especially since the war, the term seems to be used wholly in a 
political sense—that is, to designate the counties where the black people 
outnumber the white.”
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The legacy of ancient coastlines, chalk, soil, cotton, and slavery can still 
be seen today. African Americans make up over 50%, in some cases 
over 85%, of the population in Black Belt counties.

Create lessons in which students' experiences 
are discussed and infused in the learning

• Students have the opportunity to learn by building on 
their personal backgrounds and academic strengths. 

• Using strategies that allow students to draw on their 
cultural frames of reference brings personal relevance 
to a lesson. 

• Since the brain needs emotion and meaning to pay 
attention, making learning personal and emotional for 
students can bring about the most lasting lessons
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An ongoing community effort to 
improve Earth literacy and build a 

workforce prepared to tackle 
environmental and resource issues

NSF’s STEP Center in Geoscience

InTeGrate supports integrated 
interdisciplinary learning 

about resource and environmental 
issues across the undergraduate 
curriculum to create a sustainable 

and just civilization.

What is InTeGrate?

What will position students to make 
sustainable decisions in the future?

Curricular materials that …

• Engage all students in a variety of settings

• Address grand challenges society is facing

• Use rigorous science

• Use best practices in learning

• Are adaptable and adoptable by instructors

How do we ensure that all of these conditions were 
met in the materials we developed?
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1. Design of development teams
• Three instructors from three different institutions (and often 

from three different disciplines)

• Assessment consultant from assessment team

• Web consultant from web team

• Content area leader from leadership team

• Collaboration and consultation were built in

2. Goals are encoded in a design rubric

• Guiding Principles
• Learning Objectives 

and Outcomes
• Assessment and 

Measurement
• Resources and 

Materials
• Instructional Strategies
• Alignment

Guiding principles (Must score 15/15) Points Score
Course/module addresses one or more geoscience-related grand challenges facing 
society 3
Course/module develops student ability to address interdisciplinary problems 3
Course/module improves student understanding of the nature and methods of 
geoscience and developing geoscientific habits of mind 3
Course/module makes use of authentic and credible geoscience data to learn central 
concepts in the context of geoscience methods of inquiry 3
Course/module incorporates systems thinking 3

Learning objectives (Must score 13/15)
Learning objectives describe measureable geoscience literacy goals 3
Instructions and/or rubrics provide guidance for how students meet learning goals 3
Learning objectives and goals are appropriate for the intended use of the 
course/module 3
Learning objectives and goals are clearly stated for each module in language suitable for 
the level of the students 3
Learning objectives and goals address the process and nature of science and 
development of scientific habits of mind 3

Assessment and Measurement (Must score 13/15)
Assessments measure the learning objectives 3
Assessments are criterion referenced 3
Assessments are consistent with course activities and resources expected 3
Assessments are sequenced, varied and appropriate to the content 3
Assessments address goals at successively higher cognitive levels 3

Resources and Materials (Must score 15/18)
Instructional materials contribute to the stated learning objectives 3
Students will recognize the link between the learning objectives, goals and the learning 
materials 3
Instructional materials should be sufficiently diverse and at the depth necessary for 
students to achieve learning objectives and goals 3
Materials are appropriately cited 3
Instructional materials are current 3

Instructional materials and the technology to support these materials are clearly stated 3
Instructional Strategies (Must score 13/15)

Learning strategies and activities support stated learning objectives and goals 3
Learning strategies and activities promote student engagement with the materials 3
Learning activities develop student metacognition 3
Learning strategies and activities provide opportunities for students to practice 
communicating geoscience 3
Learning strategies and activities scaffold learning 3

Alignment (Must score 5/6)
Teaching materials, assessments, resources and learning activities align with one 
another 3
All aspects of the module/course are aligned 3

Total 84
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Guiding principles

• Address one or more Earth-related grand 
challenges facing society

• Develop students’ abilities to address 
interdisciplinary problems

• Improve students’ geoscientific thinking 
skills

• Make use of authentic geoscience data
• Develop students’ systems thinking skills

http://serc.carleton.edu/integrate

Materials make use of strategies that effectively 
incorporating sustainability without sacrificing content
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Strategy #1
Shift focus from causes to consequences

http://serc.carleton.edu/integrate/teaching_materials/mineral_resources/index.html

Earth 
PhenomenonCauses Consequences

• Why is petroleum found 
where it is? 

• How do metallic ores 
form? 

• What processes 
concentrate gold and 
silver?

Scarcity/uneven 
distribution of 

mineral 
resources • Why does the price of cobalt 

change so much? 
• What effect does it have on 

mining and the rest of the 
economy? 

• How does the distribution and 
availability of a mineral 
resource impact how it is 
valued and used by humans? 

Strategy #1
Shift focus from causes to consequences

Chapter 23, 
Tarbuck & Lutgens

InTeGrate module
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How do I do that? 

Example: Cobalt 
Supply disruption during 

conflict in Zaire

WHY & HOW COBALT IS 
FOUND IN SOME PLACES, NOT 
OTHERS

Along the way, you have to address…
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Strategy #2
Connect Earth processes to people

http://serc.carleton.edu/integrate/teaching_materials/energy_and_processes/index.html

Earth 
ProcessEarth results People 

results

• What landforms are 
created by rivers?

• How do rivers move 
sediment? 

• How do rivers change 
along their length?

Flowing water

• How do we determine the flood 
recurrence interval of rivers?

• What kinds of things can we do 
to mitigate the effects of 
flooding? 

• Where is flooding the most 
common and most damaging? 

Strategy #2
Connect Earth processes to people

Chapter 14, 
Tarbuck & Lutgens

InTeGrate module
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How do I do it? 

Calculate the 
recurrence interval

LANDFORMS AND 
LONGITUDINAL PROFILE OF 
RIVERS, PROBABILITY

Along the way, you have to address…
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http://serc.carleton.edu/integrate/teaching_materials/geosci_methods/index.html

Strategy #3
Practice decision-making

Problem: To what extent should we build 
and/or rebuild coastal communities?

• In groups, students select a coastal region

• Then they research key data types for that region 
(sea level rise, model predictions)

• AND characteristics of the community they 
selected

• Finally, they write an “argument- and evidence-
based position paper” on:
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Assembling the evidence

Reaching a 
decision 
and 
articulating 
the 
argument
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Measuring student learning

• Working hypotheses:  Evidence from geoscience data
• Working hypotheses:  Support from scientific literature
• Organization and use of transitions to clarify relationships among ideas
• Use of a formal style and standard English

COASTAL PROCESSES, 
UNCERTAINTY OF SEA-LEVEL 
RISE, RATES OF CHANGE

Along the way, you have to address…
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Your job now

• Explore InTeGrate materials

• Eventually pick a module/unit of interest 

• Start to think about how you will adapt 
to your own course and setting

http://serc.carleton.edu/integrate/teaching_materials/modules_courses.html
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Small Groups
• Find someone else who is interested in the 

same societal issue as you

• Work on adapting the teaching resources to 
your needs

• Share with your partner(s)

• Report out to the whole group
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Next Steps
Traveling Workshop Program – two NAGT facilitators 
come to your department/program and run a 1-2 day 
workshop on one of these themes:

• Strengthening your department/program

• Strengthening your courses
• Making your course more effective and societally 

relevant
• Supporting all students
• Strengthening teacher education

Deadlines: January 15, March 15, June 15, October 15

https://nagt.org/nagt/profdev/twp/index.html

Next Steps
Join NAGT – a diverse, inclusive, and thriving 
community of educators and education researchers 
working to improve teaching and learning about the 
Earth.

• Earth Educators’ Rendezvous – July

• Teach the Earth

• Geoscience education research (Journal of Geoscience 
Education, GER section)

• Webinars

http://www.nagt.org

https://nagt.org/nagt/profdev/twp/index.html
http://www.nagt.org/
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Next Steps
Workshop evaluation – thank you for your feedback!

Talk to us now or email us later to continue the 
conversation!

Catherine: car3@Princeton.edu

Anne: annegger@geology.cwu.edu

Reginald: rarcher@tnstate.edu

Workshop website –

https://nagt.org/nagt/profdev/twp/agu_2019/index.html

mailto:car3@Princeton.edu
mailto:annegger@geology.cwu.edu
mailto:rarcher@tnstate.edu
https://nagt.org/nagt/profdev/twp/agu_2019/index.html

