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AGU-NESTA Geophysical Information For Teachers (GIFT) Workshop 2016 
Hot Topics in Earth and Space Science! 

 
Marriott Marquis, Golden Gate A 

 Monday, December 12 

7:30 – 8:00 Continental Breakfast 

8:00 – 8:05 Welcome from AGU – Dr. Pranoti Asher, AGU Education and Public 

Outreach Manager 

8:05 – 8:10 Welcome from NESTA – Dr. Carla McAuliffe, Executive Director, NESTA 

8:10 – 8:15 Logistics – Dr. Pranoti Asher, AGU Education and Public Outreach Manager 

8:15 – 9:45 Planet Impact: Galvanize Everyone to Explore Science – Dr. Britney Schmidt 

(Georgia Institute of Technology), Whitney Cobb (McREL International), Theresa 

Summer (Astronomical Society of the Pacific), Dr. Sanlyn Buxner (Planetary Science 

Institute), and Dr. Jake Noel- Storr (InsightSTEM) 

9:45 – 10:00 BREAK 

10:00 – 11:30 The Shale Hills Critical Zone Observatory Virtual Fieldwork Experience: A 

Gateway to the NGSS's Three Dimensional Science– Dr. Tim White (Pennsylvania State 

University), Dr. Don Duggan- Haas (The Paleontological Research Institution), and Sarah 

Sharkey (Pennsylvania State University) 

11:30 – 12:15 LUNCH  

12:15 – 1:15 Share – a – Thon 

1:30 – 3:00 Can Humans Cause Earthquakes? An Argument Driven Inquiry Lesson to 

Target 3D-NGSS- Learning– Dr. Danielle Sumy (IRIS Consortium) and Michael Hubenthal 

(IRIS Consortium) 

3:00 – 3:15 Discussion, Closing for Day 1 

3:30 – 5:30 Optional Field Trip – A Ramble through San Francisco's Geology– Dr. John 

Karachewski (EPA) - meet in lobby of Marriot Marquis near luggage check-in / concierge. 
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Tuesday, December 13 

7:30 – 8:00 BREAKFAST 

8:00 – 8:10 Overview of Plans for Day 2, Logistics – Dr. Carla McAuliffe, Executive 

Director, NESTA 

8:10 – 9:40 Climate Detectives: Solving a Climate Mystery on the JOIDES Resolution– 

Dr. Sean Gulick (UT- Austin), Alison Mote (UT- Austin), Sharon Cooper (Lamont- Doherty 

Earth Observatory), and Dr. Katherine Elliins (UT- Austin) 

9:40 – 10:00 Break  

10:00 – 11:30 Images of a Changing Planet: Using Remote Sensing Data and Images to 

Investigate Land Surface Changes – Dr. John Bailey (Google Geo Education), Dr. Ed 

Robeck (American Geosciences Institute, Center for Geoscience and Society), Peder 

Nelson (Oregon State University), Aida Awad (Einstein Distinguished Educator Fellow, 

Department of Energy), and Dr. Susan Sullivan (University of Colorado) 

11:30 – 12:15 LUNCH  

12:15 – 1:15 Earth Cache Demonstration- Matthew Dawson, Program Officer, Education 

and Outreach at Geological Society of America 

1:15 – 2:45 GIS for Earth and Environmental Sciences – David DiBiase, Dr. Tom Baker 

(Esri), and Roger Palmer (Bishop Dunne High School) 

2:45 – 3:00 Discussion, Closing, Next Steps 

3:00 – 3:20 Workshop Evaluation 

 



The	AGU-NESTA	Team	
	

 
Dr.	Pranoti	Asher,	AGU	Education	and	Public	Outreach	Manager.	AGU's	
education	and	public	outreach	(EPO)	programs	capitalize	on	the	intrinsic	allure	
of	the	Earth	and	space	sciences,	and	their	fundamental	relevance	to	daily	life.	
Through	education-	and	career-focused	events	at	annual	AGU	meetings,	
professional	development	workshops	for	teachers,	special	programs	for	pre-
college	and	post-secondary	students,	awards	for	science	educators,	and	printed	
and	electronic	resources,	AGU	offers	an	array	of	opportunities	that	expose	

students,	teachers,	and	life-long	learners	to	the	freshest,	most	accurate	scientific	knowledge	
and	the	excitement	of	discovery. AGU’s	EPO	programs	nurture	the	next	generation	of	Earth	and	
space	scientists.	As	AGU	Education	and	Public	Outreach	Manager,	Dr.	Asher	oversees	the	entire	
EPO	portfolio	for	the	organization.	This	includes	not	only	creating	and	organizing	programming	
for	AGU's	Fall	Meeting	held	in	December	each	year	but	also	taking	the	lead	on	other	initiatives	
and	events	that	take	place	the	rest	of	the	year.		
	

Cheryl	Manning,	NESTA	President, has	a	Master’s	and	bachelor's	degree	in	
geology	plus	a	secondary	science	certification.	Cheryl	has	taught	middle	and	
high	school	for	over	twenty	years	and	is	Nationally	Board	Certified.	Cheryl’s	
approach	to	teaching	encourages	students	to	start	with	what	they	think	they	
already	know,	understand	their	misconceptions,	and	then	rebuild	their	

understanding	from	a	more	solid	foundation	of	knowledge	and	skills.	She	encourages	students	
to	choose	their	own	learning	path	using	new	technologies	with	problem-based	learning	
strategies.	Cheryl	is	an	experienced	teacher	who	has	participated	in	many	professional	
development	programs,	such	as	GLOBE,	CIRES-Earthworks,	and	URI’s	ARMADA	Program.	She	
also	has	led	numerous	workshops	and	presented	to	other	teachers	via	her	involvement	in	a	
number	of	geoscience	professional	societies,	currently	serving	as	the	president	of	the	National	
Earth	Science	Teachers	Association	(NESTA).		
 
	

	Dr.	Carla	McAuliffe,	is	the	Executive	Director	of	NESTA,	an	organization	
devoted	to	facilitating	and	advancing	excellence	in	K-12	Earth	and	Space	
education.	She	currently	works	for	TERC,	a	nonprofit	research	and	development	
organization	based	in	Cambridge,	Massachusetts,	dedicated	to	STEM	(Science,	
Technology,	Engineering,	Mathematics)	and	STEAM	(Science,	Technology,	
Engineering,	Arts,	Mathematics)	education.	At	TERC	since	2001,	Dr.	McAuliffe	

leads,	manages,	and	works	on	a	number	of	science	education	projects.	Dr.	McAuliffe	has	led	
many	professional	development,	curriculum	development,	and	research	programs	focused	on	
Earth	science	education.	She	has	taught	middle	school	and	high	school	science	along	with	
university	science	education	courses	for	teachers.	Dr.	McAuliffe	holds	a	Ph.D.	in	Learning	and	
Instructional	Technology	with	an	emphasis	in	Science	Education	from	Arizona	State	University.	



Monday,	December	12	

8:15	–	9:45	Planet	Impact:	Galvanize	Everyone	to	Explore	Science	–	Dr.	Britney	Schmidt	
(Georgia	Institute	of	Technology),	Whitney	Cobb	(McREL	International),	Theresa	Summer	
(Astronomical	Society	of	the	Pacific),	Dr.	Sanlyn	Buxner	(Planetary	Science	Institute),	and	Dr.	
Jake	Noel-	Storr	(InsightSTEM).	

	



Planet Impact: AGU Gift 2016 
CosmoQuest Collaboration 

 CosmoQuest 
 Resource Website 

 
An Assistant Professor at Georgia Tech’s College of Earth and Atmospheric 
Science, Dr. Britney Schmidt’s passions revolve around the story of water in 
our early solar system, including astrobiology: the rise and detection of 
habitable systems; icy shell and ocean dynamics of icy moons and planets, 
especially Europa; ice-ocean interactions on Earth and Europa; glaciology of 
Earth’s ice shelves and glacier tongues, and the evolution of water-rich 
asteroids and other small bodies. She spends large chunks of time researching 
on Antarctica when she’s not rocking to metal, snuggling with her icy-white 
cat, or cooking with friends and family. britneys@eas.gatech.edu  

Whitney Cobb designs and implements professional learning models and 

K12 curriculum for formal and informal settings with McREL International. 

Her focus is STEM, STEAM and cross-curricular initiatives, aligning to 

evaluation to ensure outcomes, and planning for systemic implementation. 

She researches new trends that address the power of multimedia 

elements, website design, and social media to engage and improve access 

and equity for diverse learners. She was a teacher and administrator for 

years. Other than chasing kids? Cooking, eating, teasing her chickens, and 

loving her family and friends are key pastimes. wcobb@mcrel.org  

Dr. Sanlyn Buxner is a research scientist and education specialist at the 

Planetary Science Institute. She works on several NASA and other federally 

funded projects to conduct professional development for educators on 

current topics in planetary science, create science programs for children and 

teens, and work with scientists to broaden the impact of their research for 

the public. As part of CosmoQuest, she connects classrooms to scientists to 

engage in meaningful research projects, working with a team to assess the 

impact of the overall program. She enjoys watching the stars and camping 

with her toddler, cooking, and hosting dinner parties. buxner@psi.edu  

Dr. Jake Noel-Storr, president of InsightSTEM, is an astrophysicist with 

two decades experience of working alongside educators as they bring 

STEM exploration into their classrooms. Jake has run engaging teacher 

workshops funded by NASA, the American Association for the 

Advancement of Science, the National Science Foundation, the American 

Astronomical Society and more... and has been a regular presenter at 

meetings of the National Science Teachers Associating for almost a 

decade. Through his brainchild, InSight STEM, Jake develops outreach 

programs with a network of over 20 other partner organizations 

nationwide. He connects kids and classrooms with other cool astro-peeps 

like himself, bringing real-world STEM to you and me. 

jake@insightstem.com  

https://cosmoquest.org/x/
http://dawn.jpl.nasa.gov/discovery/CosmoQuest/OpenMeFirst.html
mailto:britneys@eas.gatech.edu
mailto:wcobb@mcrel.org
mailto:buxner@psi.edu
mailto:jake@insightstem.com


Britney Schmidt (Georgia Tech), Jake Noel-Storr (InSight STEM)

Whitney Cobb (McREL), Sanlyn Buxner (Planetary Science Institute) 
Theresa Summer (Astronomical Society of the Pacific)



Why the Moon?

EarthMoon



Today’s Objectives

• Introductions

• Investigate

– Context for NEO

• Mental Models

• Patterns in the Sky

– STEAM: engagement & analysis

– Planetary Mappers

• Citizen Science

• Hands-on, real-world applications



Trios model the 
relationship between …

 Earth & Sun

 Earth & Moon

 Earth, Moon & Sun

 Tip:  all solar system bodies orbit 
counterclockwise!

 Challenge: How long is a Moon day? Prove it!



Moon Phase and Solar Eclipse

During a solar eclipse,  the Moon appears to 
completely cover the Sun. What phase of the 
moon is just before and after a solar eclipse?

 Full Moon
 New Moon
 First quarter Moon
 Last  quarter Moon
 It can happen in any phase

Describe your thinking on a sticky. Share with your 
table

From Uncovering Student Ideas in Astronomy
Keely and Sneider, 2011



Guam Moon

Leah, living on Guam, observes a half moon in 
the night sky. What does her friend, Maria, who 
lives in New York, see?

 Half moon

 New moon

 Waxing crescent

 Waning crescent

 Full moon

From Uncovering Student Ideas in Astronomy
Keely and Sneider, 2011



Keeping Grounded

 Mental Models

 Talking…

 Drawing…

 Writing about ideas…



ART & THE COSMIC CONNECTION
Sense-Making with the Elements of Art

NASA’s Discovery and New Frontiers Programs

http://discovery.nasa.gov



OUR SOLAR SYSTEM ‘HOOD

CREDIT: NASA



CREDIT: NASA/JPL



Asteroid Itokawa, courtesy JSA/NASA

SMALL SOLAR SYSTEM BODIES

ooooooo



ASTEROID EROS
~ 34 km × 11 km × 11  km

Image: NASA/JHUAPL



SMALL BODIES: Comets

WISE infrared telescope image of Comet Sliding Spring

CREDIT: NASA

Nucleus of Comet Wild 2

CREDIT: NASA/JPL-Caltech/Univ. of Washington



Artist’s concept of Rosetta and 
comet 67P/Churyumov–Gerasimenko



GIANT ASTEROID VESTA
Dawn Mission

Image: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/

572 km mean diameter



ROBOTIC 

PHOTOGRAPHERS

CREDIT: NASA/JHUAPL/CIW



GEOLOGY & THE ELEMENTS OF ART

GIANT ASTEROID VESTA  

CREDIT: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA

- LINE

- SHAPE

- COLOR

- VALUE

- TEXTURE



Circle - Craters

SHAPE 

MARS 

CREDIT: NASA/JPL



CIRCLES: Mercury

CREDIT: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington



MERCURY

CREDIT: NASA/JHUAPL/CIW



CIRCLES IN THE SOLAR SYSTEM

CREDIT: NASA/JPL



MERCURY

CREDIT: NASA/JPL

What do you see?



EARTH - Kansas

CREDIT: NASA Earth Observatory



VENUS

CREDIT: NASA/JPL



Blobs – Volcanoes (or Lakes)

SHAPE 

MAR’S OLYMPUS MONS

CREDIT: NASA/JPL



Jupiter’s moon, IO

CREDIT: NASA/JPL-Caltech/Univ. of Arizona



Jupiter’s moon, IO

CREDIT: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute & NASA/JPL-Caltech/Univ. of Arizona



MARS: Polygons?

CREDIT: NASA/JPL-Caltech/University of Arizona



HEXAGON ON SATURN

CREDIT: NASA/JPL-Caltech/SSI/Hampton University



Straight lines – cracks & faults (tectonics activity)

STRAIGHT LINES

CREDIT: NASA/JPL



EUROPA: Possible Life?

CREDIT: National GeographicCREDIT: NASA/JPL/University of Arizona

EARTH: Extremophiles!



Squiggly lines - erosion (liquid & wind)

LINE 

CREDIT: NASA/JPL



FOLLOW THE WATER: Mars

CREDIT: NASA/JPL



MARS

CREDIT: NASA/JPL-Caltech/Univ. of Arizona



EARTH

CREDIT: NASA 



EARTH

CREDIT: NASA Earth Observatory



Access for Littler Learners

• Straight Lines

• Squiggly Lines

• Circles

• Blobs



COLOR 

CREDIT: NASA/JPL

MOON

Color – true and added



MARS

CREDIT: NASA/JPL-Caltech/University of Arizona/HI-RISE



CREDIT: NASA/JPL/Space Science Institute

VALUE / ALBEDO IAPETUS

Value – light and dark, shade and highlight



TEXTURE

CREDIT: NASA/JPL/USGS

TRITON

Texture – the quality of the surface



CREDIT: NASA/JPL

What “stories” do you see on Mars?



What Stories Do These 
Mysterious Worlds Tell?



By Hubble: 2007
Image credit: NASA/ESA/SRI/UMD

By Dawn:

Close… 2/5/15

Image credit: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/PSI

Closer… 6/10/15

Even closer… 9/9/15

Ceres’ Bright Spots



Pluto

Image credit: NASA/Johns Hopkins University Applied Physics 
Laboratory/Southwest Research Institute



Gallery Walk

– What do you notice? Take a note!



Mapping 1

 Knuckle = ~10 kilometers

 Circle all craters over 5 km

 Count total craters

 0-3, blue 

 4-6, green 

 7-10, yellow 

 11+ red



CosmoQuest Citizen Science
I’m a Mapper, 
She’s a Mapper, 
Wouldn’t You Like to be a Mapper, too?



Learning Science &

Building Community around 

Citizen Science Collaboration 

Britney Schmidt (Georgia Tech), Jake Noel-Storr (InSight STEM) 

Whitney Cobb (McREL), Sanlyn Buxner (Planetary Science Institute) 

Theresa Summer (Astronomical Society of the Pacific)



http://discovery.nasa.gov/art/

http://discovery.nasa.gov/art/


	  

TerraLuna: Connecting Earth and Moon	   20	  

Instructor’s Guide 

Day One – Introduction: Why the Moon? 
 
Objective:   Students will compare and contrast surface features of the Earth and Moon.  
 
Materials: Six sets of ten black and white pictures of the Earth and Moon surfaces---five representing 
each surface, large sheets of paper for Venn diagrams 
 
Engage:   Earth or Not Earth?   
Compare Moon and Earth features by classifying pictures. 
• Teams are given 10 pictures – five of black-and-white Earth features, five of Moon features. 
• Ask: Which are pictures of the Moon, which are pictures of the Earth, as seen from above? 
• Teams separate pictures into Moon group and Earth group, discussing their reasoning.    
• Conduct whole group discussion: What clues did you use to identify the picture 
 
Explore:  Construct Venn diagram of Earth/Moon. 
• Distribute one large piece of paper to each team. 
• Teams draw a Venn diagram to show similarities and differences between the geologic features and 

history of the Earth and Moon. 
• Students copy their team’s diagram in their Moon Journals. 

 
Explain: 
Vocabulary: Terrain, planetary geologist  
Concepts  
• Features of the Moon have their equivalents on Earth; the form of the features result from similarities 

and differences between geologic processes.   
• Scientists study the Moon to learn more about the processes that shape it.  Knowledge gained can be 

applied to similar structures on Earth as well as other planetary bodies. 
• Students copy vocabulary, definitions, and concepts into their Moon Journals.  
 
Evaluate:  Check completion of Moon Journals.  
 
Elaborate: 
Have each student find a picture of a geologic feature on Earth and tape it into a journal page.  Students 
then write a paragraph to explain the processes that might have formed the feature and if this feature 
might also exist on the Moon. 
 
Technology Links: 
How did people first learn about the features on the surface of the Moon?  Students can find out by 
building and using their own telescopes.  Several simple homemade telescopes can be found at 
http://www.nasa.gov/audience/foreducators/informal/features/F_Build_a_Telescope_prt.htm and 
http://www.universetoday.com/17366/build-a-telescope/. You may choose to ask students to look at the 
Moon with their new telescopes, binoculars, or just naked eye and record what they see in their journals 
for the activity on day six. 
 
Interdisciplinary Link: 
Link to Language Arts - Research legends about “The Man in the Moon” and other lunar legends 
 
**REMINDER:  Ask students to bring three or more natural rock samples, (not brick, concrete, or other 
manufactured rocks), from home for tomorrow’s class. 
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Key	  (order	  of	  slides)	  
3	  –	  Earth	  -‐	  Vredefort	  Dome	  (South	  Africa)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/c/c3/

Vredefort_crater.jpg	  

9	  –	  Earth	  -‐	  Nevado	  del	  Ruiz	  (Columbia)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/0/0f/
Nevado_del_Ruiz_-‐_radar_image_from_space.jpg	  

5	  –	  Earth	  -‐	  Barringer	  Crater	  (United	  States)	  -‐	  hEp://ut-‐images.s3.amazonaws.com/wp-‐content/uploads/
2008/11/barringer-‐meteorite-‐crater.jpg	  

8	  –	  Earth	  -‐	  Volcanoes	  (Mexico)	  -‐	  hEp://www.nasa.gov/images/content/
114750main_image_feature_328_ys_4.jpg	  

10	  –	  Earth	  -‐	  Erosion	  (Libya)	  -‐	  hEp://www.nasa.gov/images/content/285297main_iss017e013789_high.jpg	  

7	  –	  Earth	  -‐	  Tirari	  Desert	  (Australia)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/1/12/Tirari_Desert_-‐
_NASA_-‐_satellite_2006.jpg	  

13	  –	  Earth	  -‐	  Manicouagan	  Reservoir	  (Canada)	  -‐	  hEps://dl.dropbox.com/u/19254794/TERRALUNA
%20manicouagan-‐reservoir.jpg	  

4	  -‐	  Lunar	  rille	  -‐	  hEp://www.nasa.gov/images/content/463898main2_LRO_Rille_670.jpg	  
14	  -‐	  Lunar	  graben	  -‐	  hEp://www.nasa.gov/images/content/623732main_video_graben_image_lgweb.jpg	  
6	  -‐	  Lunar	  crater	  (Tycho)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/f/f8/

Tycho_crater_on_the_Moon.jpg	  

11	  -‐	  Lunar	  crater	  central	  peak	  (Tycho)	  -‐	  hEp://apod.nasa.gov/apod/ap110706.html	  
1	  -‐	  Lunar	  mare	  (Orientale)	  -‐	  hEp://en.wikipedia.org/wiki/File:Orientale_lro.jpg	  
12	  -‐	  Lunar	  ejecta	  from	  young	  crater	  -‐	  hEp://www.nasa.gov/images/content/424832main_murchison_lg.jpg	  
2	  -‐	  Lunar	  volcanic	  pit	  crater	  -‐	  hEp://lroc.sese.asu.edu/news/uploads/LROCiotw/M131488521RE-‐2_thumb.png	  



Key	  (numerical	  order)	  
1	  -‐	  Lunar	  mare	  (Orientale)	  -‐	  hEp://en.wikipedia.org/wiki/File:Orientale_lro.jpg	  

2	  -‐	  Lunar	  volcanic	  pit	  crater	  -‐	  hEp://lroc.sese.asu.edu/news/uploads/LROCiotw/M131488521RE-‐2_thumb.png	  
3	  –	  Earth	  -‐	  Vredefort	  Dome	  (South	  Africa)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/c/c3/

Vredefort_crater.jpg	  

4	  -‐	  Lunar	  rille	  -‐	  hEp://www.nasa.gov/images/content/463898main2_LRO_Rille_670.jpg	  
5	  –	  Earth	  -‐	  Barringer	  Crater	  (United	  States)	  -‐	  hEp://ut-‐images.s3.amazonaws.com/wp-‐content/uploads/

2008/11/barringer-‐meteorite-‐crater.jpg	  

6	  -‐	  Lunar	  crater	  (Tycho)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/f/f8/
Tycho_crater_on_the_Moon.jpg	  

7	  –	  Earth	  -‐	  Tirari	  Desert	  (Australia)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/1/12/Tirari_Desert_-‐
_NASA_-‐_satellite_2006.jpg	  

8	  –	  Earth	  -‐	  Volcanoes	  (Mexico)	  -‐	  hEp://www.nasa.gov/images/content/
114750main_image_feature_328_ys_4.jpg	  

9	  –	  Earth	  -‐	  Nevado	  del	  Ruiz	  (Columbia)	  -‐	  hEp://upload.wikimedia.org/wikipedia/commons/0/0f/
Nevado_del_Ruiz_-‐_radar_image_from_space.jpg	  

10	  –	  Earth	  -‐	  Erosion	  (Libya)	  -‐	  hEp://www.nasa.gov/images/content/285297main_iss017e013789_high.jpg	  
11	  -‐	  Lunar	  crater	  central	  peak	  (Tycho)	  -‐	  hEp://apod.nasa.gov/apod/ap110706.html	  
12	  -‐	  Lunar	  ejecta	  from	  young	  crater	  -‐	  hEp://www.nasa.gov/images/content/424832main_murchison_lg.jpg	  
13	  –	  Earth	  -‐	  Manicouagan	  Reservoir	  (Canada)	  -‐	  hEps://dl.dropbox.com/u/19254794/TERRALUNA

%20manicouagan-‐reservoir.jpg	  
14	  -‐	  Lunar	  graben	  -‐	  hEp://www.nasa.gov/images/content/623732main_video_graben_image_lgweb.jpg	  
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In Search Of… 
 

 

ACTIVITY 
 
PART 1: OVERVIEW 
 
The Hunt for the Missing Planet 
The Titius-Bode rule resulted in the need to discover a “missing planet” between the orbits of Mars and 
Jupiter. Baron von Zach had spent years searching for this planet. The method that von Zach used was 
tedious. Using a telescope, each star that was not on von Zach’s star chart was checked on successive 
nights to determine if it had moved. If the position of the star moved with respect to the other “known” 
stars on his chart, it could be the missing planet. Since the star charts at the time were not accurate, 
many had to be checked and double-checked. Von Zach was not successful in finding the missing 
planet.  
 
The Celestial Police 
In the late 1790s, von Zach met with French astronomers Joseph Lalande and Johann Bode and 
determined that a more systematic approach was in order. In 1800, von Zach held a meeting with 
Johann Schröter, Karl Harding, Heinrich Olbers, Ferdinand von Ende, and Johann Gildemeister to 
determine a plan. Since all of the known planets were located along the ecliptic, this section of the sky 
was divided up into 24 zones. The astronomers dubbed themselves the “Celestial Police,” whose goal 
was to find this elusive planet. Each member of the newly formed group was to observe and record one 
zone in detail. They soon realized that they needed to recruit additional police officers for the task. They 
invited other European astronomers to participate. “Each member was to draw up a star chart for his 
zone, extending to the smallest telescopic stars, and through repeated examination of the sky was to 
confirm the unchanging state of his district, or the presence of each wandering foreign guest.” (Hoskin, 
1992). http://www.astropa.unipa.it/versione_inglese/Hystory/BODE%27S_LAW.htm 
 
 
PART 2: GROUP ACTIVITY 
 
Astronomers Most Wanted 
Now it’s your turn. View the following star maps and try to find the missing planet. Answer the question, 
“How can I find a missing planet amongst the stars?” This is the same type of question that the 
Celestial Police asked. There are four star charts that make up half of the nighttime sky. There is one 
missing planet found in these charts. You will be able to identify the missing planet by finding the “star” 
(dot) that moves with respect to the constellations from one night to the next.  
 
Share Your Finding 
Once you have found the missing planet, respond in writing to the questions below: 
 

1. What strategy did you use to find the “missing planet”? 
 
 
 
 
 
 

History and Discovery of Asteroids 
 

http://www.astropa.unipa.it/versione_inglese/Hystory/BODE%27S_LAW.htm
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2. Did you find the “missing planet”? If so, how do you know that you found it? In not, why are you 
certain that the missing planet is not in your quadrant of the sky? 

 
 
 
 
 
 
 
 
 
 
 
 

 
3. After sharing your findings within your group, use the space below to draw a simple diagram of 

the path that the missing planet follows. 
 
 
 
 
 
 
 
 
 
 
 
4. Next, in your diagram above, make a prediction as to the path that this body will continue to 

follow over the next week. Indicate your predicted path with a dotted line. Justify your prediction 
in writing below. 

 
 
 
 
 
 
 
 
 
 
 

PART 3: EXTENSION ACTIVITY 
 
Failure? 
The Celestial Police failed at their systematic attempt at finding the missing planet. It was the newest 
member of these sky cops, an Italian monk, Giuseppe Piazzi, who finally discovered a small new world. 
However, he was not sure what he discovered! Learn more about this discovery by reading “It Was a 
Dark and Starry Night.” 
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 National Aeronautics and  
Space Administration 

ART & THE COSMIC CONNECTION 

Elements of Art Inspire Planetary Image Analysis 

Created by Monica & Tyler Aiello, Artists & Educators 

for NASA’s Discovery and New Frontiers Programs 

Cool new images arrive from NASA missions to planets, asteroids, comets, moons. What do they tell 

us? Using the elements of art—shape, line, color, texture, value—make sense of what you see, 

honing observation skills and inspiring questions. Learners of all 

ages create a beautiful piece of art while learning to recognize the 

geology on planetary surfaces. We start with what we know here on 

Earth and use that awareness to help us interpret features on distant 

objects in the solar system. Art & the Comic Connection offers a terrific 

bridge between Earth and Space Science, as well as a wonderful 

dive into the potential of science to inspire art—and art to empower 

science! 

PROGRAM OVERVIEW 
For the past three decades, NASA has sent many space missions to the 
planets, moons and small bodies of our solar system.  Spacecraft have 
acted as robotic explorers, capturing images of mysterious alien 
landscapes using a range of instruments: spectrometers, gamma ray 
neutron detectors, cameras. These pictures are studied using a variety 
of techniques including visual analysis, or “looking to understand.”  
Similarly, visual artists depend on their sense of sight to guide their 
creativity. Both artists and scientists are keen observers of the natural 
world and engage in creative problem solving. 

Artists utilize a system of concepts to make sense of visual information 
called the elements of art—line, shape, color, value, and texture.  
Planetary scientists utilize analogous concepts, and the elements of art 
can be a valuable tool in planetary image analysis.  Fusing art and 
science education proves an exciting and effective method for inspiring 
students to explore both disciplines. 

PROGRAM FEATURES: 

Flexible, can be scaled for  
K-12 students and informal 
education settings of all kinds. 

Art & the Cosmic Connection 
PowerPoint Presentation 

- Easy to follow presentation 
notes and science notes for 
expanded content 

- Pastel Art Activity to engage 
students and reinforce concepts 

- Beautiful and inspiring  
  NASA images you can print 
 NASA images correlate 

with current and recent 
missions to highlight 
space exploration 

 Downloadable from the 
NASA Discovery Program 
website 

- Program can be a one day or 
two day activity 

-Works with both science and 
art curricula, providing 
opportunities for cross-
curricular collaboration 

-Curriculum has proven 
success with both youth and 
adults via schools, universities 
and museums 

Art & The Cosmic Connection NASA’s Discovery and New Frontiers Programs 

http://discovery.nasa.gov/ 

http:http://discovery.nasa.gov
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Courtesy NASA/JPL 
PRESENTATION + ART ACTIVITY 
Art & the Cosmic Connection is a 2-part interdisciplinary program developed by artists and educators 
Monica & Tyler Aiello. Learn more about their work at http://www.studioaiello.net. Designed to engage 
students in space science education by becoming artist explorers, the project incorporates the use of the 
elements of art as a tool to investigate and interpret the mysterious surfaces of our celestial neighbors. 
Students learn to analyze images of planets and smaller bodies such as moons, comets and asteroids with 
basic art concepts which parallel scientific practice. The project includes a PowerPoint presentation and 
pastel art activity which teachers can incorporate into their classroom curriculum or out-of-school time 
program. The project is scalable for different grade levels and blends artistic concepts with the 
investigation of planetary studies and storytelling. Utilizing art-making as a vehicle for scientific inquiry 
both inspires and engages students—preparing them for a more rigorous exploration of space science and 
art theory, while gaining a broader perspective of their own planet, Earth. 

MATERIALS & SUPPLIES 

- PowerPoint presentation 

- NASA image prints 

- Artist drawing paper 

- Soft pastels or other
drawing media 

- Gummy erasers 

- Hand wipes 

- Q tips 

- Fixative, either artists’ or 
hair spray (prone to
wrinkling the paper)
(optional but very helpful) 

LEARNING OBJECTIVES  

Space Science 
 Explore the basic structure of the solar system  
 Appreciate the diverse planets and small bodies within the solar   

 system, including moons, dwarf planets, asteroids, comets, and  
            Kuiper Belt Objects (KBOs are similar to main asteroid belt objects,  
          beyond the orbit of Neptune) 
 Introduce current and recent NASA space missions  
 Appreciate the concept of remote sensing and how it is  used in  

            scientific research  
 Apply the Elements of Art (shape, line, color, value, texture) to   

            planetary image analysis and learn how they can be used to 
            recognize geologic processes in Earth science  
 Learn about basic geologic processes including impact cratering, 

volcanism, erosion, and tectonic activity  
 Begin to interpret more complex geologic stories  
 Create a beautiful piece of artwork inspired by planetary  

            images! 

BACKGROUND INFORMATION 
CORE CURRICULM CONCEPT:  Art Elements Correspond to Geological Features 

The elements of art—shape, line, color, value, texture—offer an amazing way to make sense of the 
geology of planetary surfaces. The core curriculum connects the elements of art to planetary image 
analysis. This simple concept shows how basic art forms can be sign posts for specific geologic processes – 
art depicts geology. The Elements of Art can provide a road map for students to interpret planetary 
images. When there are exceptions to these rules, or if these rules have multiple interpretations, students 
can learn to use other factors to infer results, just like scientists.  As these concepts build, students can 
combine these elements to understand more complex images, thus discovering geologic narratives and 
engaging in storytelling. 

Art & The Cosmic Connection	 NASA’s Discovery and New Frontiers Programs 

http://discovery.nasa.gov/ 

http:http://discovery.nasa.gov
http:http://www.studioaiello.net
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SLIDE/PRESENTATION 
RECOMMENDATIONS 

GRADES 3-5 
Break the presentation 
into several lessons. 

Lesson 1      60 120 min 
Introduction to the Solar 
System: Slides 1-13 
 Have student teams 

create a KWL chart, 
and then build one 
for the entire class.  
 Explore books to help 

students develop 
understanding of 
celestial bodies 

Lesson 2      60 120 min 
 Have each child 

choose a favorite 
image. Introduce the 
elements of art 
 Choose 2-3 examples 

of each element of art 
from Slides 14-58 to 
illustrate concepts, 
hiding the rest. 

Pastel Art Activity 
 Suggest a focus on 

just shape, color, and 
line to start. 
 Children are able to 

appreciate value and 
texture, too, but try it 
in context of kids’ art 
creation to keep from 
overwhelming them 
with content/talk. 

GRADES 6-10    
90-120 min 
 Encourage students to 

engage actively in 
the PowerPoint; 
noting features and 
writing down ideas 
are ways to keep 
participation lively. 

 Use the PwPt notes to 
familiarize yourself 
with the content 
ahead of the 
presentation. 

 Encourage interested 
students to use the 
many PwPt links to 
investigate further. 

 It is also effective to 
have small 
discussions with 
students about art 
elements in their 
particular images in 
lieu of an extended 
presentation – the art 
making leads to rich 
scientific discourse! 

Elements of Art and their Geology Matches 
 Circle:  When circles are viewed on a planetary image, it often 
indicates an impact feature, a crater. The size, shape, ejecta blanket (stuff 
thrown away  or ejected from the impact  site, material from both the impactor 
and the area impacted) and number of craters give important clues  as to the 
history of a planetary body. Sometimes circular features are volcanic or 
tectonic in origin, such as volcanic pancake domes found on Venus, for 
example. 
 Blobs:   Organic shapes, or blobs, can often be interpreted in two 
ways. Blobs frequently mean that one is viewing volcanic processes and lava 
flows. Blobby shapes can also indicate existing bodies of surface liquid (rivers  
and seas) or  ancient bodies of liquid that left remnants of dried beds.  
 Straight Lines: The presence of straight lines on a planetary body is 
often indicative of tectonic activity, including faults, ridges, cracks  and 
mountains. On Earth tectonic activity is thought of as a land phenomenon; it 
can also be present in icy worlds. 
 Squiggly Lines:  The presence of squiggly lines on the surface often 
tells us forces of erosion are at work, including that of liquid and wind.  
 Color: In addition to visible  light, scientists image planetary bodies in 
many different frequencies of the electromagnetic spectrum (infrared, radio  
waves, X-ray, ultraviolet, etc.) They also create colorized images, adding and  
often exaggerating color differences to show subtle differences that the eye 
cannot detect otherwise, highlighting distinct aspects of a planet: topography, 
mineral composition, even gravity! Light and color are critical tools in 
interpreting and understanding planetary surfaces.  
 Value: Value is the contrast of light and dark. Its scientific counterpart 
is called albedo - the measure of the reflectivity of a surface (think of snow vs. 
charcoal—which reflects more light?). Value/Albedo is a critical tool for 
understanding a planetary body. 
 Texture: Implied texture is the tactile quality of a two-dimensional 
surface which we can see with our eyes, yet not touch. Images of planetary 
bodies are replete with various textures corresponding to eons of geologic 
history. Geologic processes build over time to create complex textures which 
can be deciphered with the aid of the other art elements.  

TEACHING PART 1: Art & the Cosmic 
Connection PowerPoint Presentation  
The presentation uses many beautiful NASA 
planetary images to illustrate concepts. It is 
flexible and scalable for various ages, 
experience levels, and time requirements. 
To prepare, teachers are encouraged to 
review the PowerPoint and make 
appropriate revisions for their particular  
students (see sidebar page 3), depending 
on the curriculum you would like to cover.  
The PowerPoint includes extensive 

Presentation Notes to guide teachers through the curriculum. The notes serve as 
a basic script  and also include question prompts to encourage class discussion. 
There is also a Science Notes section with links to NASA web resources for 
educators who wish to expand their lesson plans.  

Art & The Cosmic Connection NASA’s Discovery and New Frontiers Programs 

http://discovery.nasa.gov/ 

http:http://discovery.nasa.gov
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Courtesy McREL 

Show the PowerPoint  
After reviewing the PowerPoint and the Presentation Notes, show the PowerPoint presentation to your 
students. The PowerPoint has an introduction to the solar system, an overview of remote sensing and space 
exploration, and the core concept that describes planetary image analysis using the elements of art. 

Getting Started: What Do You Know About the Solar System? 
Begin by making a KWL (Know, Wonder, Learn) table on the board or 
chart paper. Take notes (or invite students to) on the chart paper as  
students answer the following about the solar system: 
 What do we know? 
 What do we wonder about?  
 What have we  learned? 

This forms a baseline of classroom knowledge, helps you be aware of your 
students’ prior knowledge, and promotes inquiry. The KWL can be  done in 
pairs or small groups initially to engage participants actively.  
 If a student states something others are uncertain about, or you 

believe is inaccurate, post it in the Wonder section to return to for 
verification later.  

 
Introduction: Science Inspires Art 
The beginning of the presentation briefly introduces students to the painting 
and sculpture  of project authors, Monica  and Tyler Aiello. The husband and 
wife artist team collaborate with NASA and the scientific  community in the 
development of their artwork and educational programs. Students are 
intrigued to view professional artists inspired by science, and are 
encouraged to become “artist explorers.” 

Remote Sensing & Space Exploration  
A brief discussion of remote sensing incorporated in the PowerPoint explains how NASA sends robotic  
explorers to planetary bodies and takes pictures of their surfaces. The images used are shown from the 
aerial or “birds-eye” view. The planetary images provided correlate to recent and current NASA missions 
to provide an opportunity to build  student interest and excitement in space exploration. The beautiful and  
often unfamiliar images keep students engaged with the content.  
 
Elements of Art & Planetary Image Analysis 
The core concept section relates how the Elements of Arts can be used to interpret planetary images. It is  
useful to have students define (or for the educator to review) the definitions of the Elements of Art. The 
remainder of the presentation includes sections for each of the Elements of Art and illustrates the how these 
relate to specific geological processes using examples of gorgeous NASA images.  
 Circle – Crater 
 Blobs – Volcanoes or Lakes 
 Straight Lines  – Tectonic Activity 
 Squiggly Lines – Erosion  
 Color, Value, Texture – Critical Scientific  Tools 

 

Art & The Cosmic Connection	 NASA’s Discovery and New Frontiers Programs 

 

 

Avoid major discussion of the 
structure of the solar system 

planets, outer gas giants, 
and small bodies including 

(including the inner terrestrial 

moons, asteroids, comets, 
dwarf planets, and Kuiper 
Belt Objects [or KBOs]) until 
after the main presentation. 
Images there will help 
support your discussion.  
 Make special note that our 

activity focuses on worlds 
with visible geology. Thus, 
the presentation does not 
focus on the gas giants 
themselves, but does 
appreciate their 
marvelous moons! 

http://discovery.nasa.gov/ 

http:http://discovery.nasa.gov
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TEACHING PART 2: Art Activity 
The Pastel Art Activity is designed to be a simple, yet fun and engaging way for students to explore the 
concepts they’ve learned from the PowerPoint presentation. Students enjoy making art in science class or 
exploring science in art class, depending upon how the project is taught. This reinforces the connections 
between the arts and the sciences and engages the students in an interdisciplinary learning environment. 
The art project can be taught during the same session as the presentation or in subsequent sessions.  

Time Recommendations 
Grades K-5: two or three 45-minute periods 

Grades 6-12:  one or two 45-60 minute periods 


Supplies 
 Drawing paper – A larger-sized, fine artist drawing paper is recommended, budgets allowing 

(22”x28” is great, at least 9”x12”). Students enjoy working with fine art materials and tend to 
take their projects more seriously. The drawing paper should be appropriate for the drawing  
media. 

 Drawing media – Soft pastels are recommended for their ease of use and blend-ability.  
However, they should not be ingested. Water colors, crayons, markers and pencils are more 
appropriate for K-2 students.  

 NASA Planetary Prints –  Download from the NASA Discovery Program website, 


TIP: Distribute 
drawing supplies 
AFTER you explain 
the assignment 
above so that 
students do not work 
ahead or get 
distracted.  
 

http://discovery.nasa.gov. The prints inspire the students’ artworks.
   
o	  Images are both in black and white and  in color. Slipping them into sheet protectors is 

essential for future use; laminating them is more costly but more durable. 
 Gummy erasers – Can be used effectively with soft pastels to lift pigment and create highlights 
 Q-tips – Are a great blending tool 
 Cleaning or Hand Wipes  – Pastels are messy but easy to clean up, especially with cleaning wipes 
 Fixative (optional) - A pastel spray fix can be used; however, it is toxic and should only be used  

by a teacher or with older or experienced students, and by all in a  ventilated area. For other 
students, aerosol hairspray can be used. A light coating will help fix the pastel pigment to the 
drawing paper.  

o	  Drawings can also be spray-fixed between layers if they get too heavily loaded with  
pigment or muddy so that students may work on top of the drawing. This process should 
be completed or supervised by the educator. A fixative is not necessary.    

 
Implementing the Art Activity 
 Have all students select a NASA planetary image to work from; pass out paper.  
 Ask students to make pastel drawings inspired by their image. 
 Discuss or share images prior to the project, if desired. 
 Ask students to pay special attention to the Elements of Art and how they relate 


to interpreting the geologic history of their image. They may choose to focus on 

one or two images. 
 

 Explain that students do not have to make their artwork exactly like their image. 

They are making “art” and should feel free to interpret their image  by altering 

their composition, cropping, color, orientation, etc. This is effectively done using
  
question prompts, such as, “Do you have to make your artwork black and white like 

your image?  No, feel free to explore color!” or, ”Focus on the details that intrigue  you.” 
 

 Encourage artists to explain their interpretation. For example, a student may have noticed 
especially bright areas and picked them out in a certain color.  

Artists and activity authors at work, Monica & Tyler Aiello 

http:http://discovery.nasa.gov
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Wrap Up and Formative Assessment  

 At the conclusion of the art activity, display artwork and discuss the project. Here are two possible 
approaches. 

a)	  Conduct a  gallery walk, where student art is hung up, with its inspiring image beside it, 
and students spend time viewing all. Ask all present, kids and adults, to offer observations 
about what strikes them about the drawing on sticky notes to leave for the artist. 
 Examples: “Really nice example of texture!” “What is your interpretation of     

that feature?” “Your blending really made those colors pop out!”  
b)	  Break students into small groups (mix up the class so kids see others’ work). Ask students to 

do a think-pair-share, where they write about their experience for a couple of minutes on 
a sticky note, share their ideas with a partner, and then with a small group.  
 Reflect on the selected planetary image: interpret the geology of their image, 

and discuss how they used that image to inspire their artwork.  
 Ask students to share something new they have learned from the activity with the entire group. 
 Conclude by returning to the KWL chart to record:  

 What have we  learned? 
 What do we wonder – what new questions do we have? 

 Clean up studio or classroom.  
 
Storytelling & Geologic History 
 Interspersed within the Elements of Art sections are images with multiple art elements/geologic 

features. These examples provide students with the opportunity to combine what they have 
learned to decipher more complex geologic history (i.e., circles and blobs might be interpreted as 
craters and volcanoes).  

 

NATIONAL EDUCATION STANDARDS 

ART & THE COSMIC CONNECTION  

Elements of Art Inspire Planetary Image Analysis 


SCIENCE  
  
Source: 
  
http://www.nap.edu/openbook.php?record_id=4962    
 5-8 
 

K-4 Unifying Concepts and Processes 

Earth and Space Science  Evidence, models and explanation 
 
 Objects in the Sky  Form and Function  
 Changes in the Earth and Sky Earth and Space Science 


History and Nature of Science  Structure of the Earth System 
 
 Science as Human Endeavor  Earth in the Solar System  

ART 
 
Visual Arts 


K-4    Source: http://artsedge.kennedy-center.org/teach/standards/standards_k4.cfm 

 Content Standard #1: Understanding and applying media, techniques, and processes 
 Content Standard #2: Using knowledge of structures and functions 
 Content Standard #5: Reflecting upon and assessing the characteristics and merits of their work and the 


              work of others  

 Content Standard #6: Making connections between visual arts and other disciplines 

5-8   Source: http://artsedge.kennedy-center.org/teach/standards/standards_58.cfm#04    
 Content Standard #1: Understanding and applying media, techniques, and processes 
 Content Standard #3: Choosing and evaluating a range of subject matter, symbols, and ideas  
 Content Standard #5: Reflecting upon and assessing the characteristics and merits of their work and the 


              work of others  

 Content Standard #6: Making connections between visual arts and other disciplines 

Art & The Cosmic Connection	 NASA’s Discovery and New Frontiers Programs 

http://discovery.nasa.gov/ 

http:http://discovery.nasa.gov
http://artsedge.kennedy-center.org/teach/standards/standards_58.cfm#04
http://artsedge.kennedy-center.org/teach/standards/standards_k4.cfm
http://www.nap.edu/openbook.php?record_id=4962


Instructor’s Guide 
Day Eight – Mapping 1 
 
Objective:  
Students will identify and measure features of craters to determine relative ages of the lunar surface.   

Construct explanations for patterns in geologic evidence to determine the relative ages of a sequence of 
events that have occurred in Earth’s past. 
 
Materials:  
Black and white pictures of the lunar surface (4”x6”) (we provide a set here: 
https://www.dropbox.com/s/zdgxkpz28raxjr0/CraterAge_Images_small.pdf), scale 
(https://www.dropbox.com/s/zxvwlpt32gbxmir/crater%20scale.pdf), grid 
(https://www.dropbox.com/s/rghy654l6xt7ujq/lunar%20surface%20age%20sample%20grid.pdf), 
overview image (https://www.dropbox.com/s/xj0567p2lwfonkb/Screen%20Shot%202012-11-
16%20at%203.56.01%20PM.png), markers, (preferably silver Sharpies), tape, large poster board, colored 
cellophane or see-through plastic folders in four colors: blue, green, yellow, red 
 
Background: 
The most obvious features on the Moon are the craters, or scars left from impacting rocks that have 
crashed into the Moon since its formation. We do not see many craters on Earth because active geologic 
processes and erosion erase these features rather quickly. On the Moon, however, there are no active 
tectonic processes and no weathering due to wind and water, so a record of these impacts is preserved. 
 
It follows that, given a fairly steady rate of impacts, that the older a surface is, the more craters it will 
have. Although the cratering rate is not strictly steady over all of geologic time, lunar geologists do use 
the density of craters over a given surface to determine relative ages, that is, to tell which surfaces are 
older and which are younger. 
 
This activity uses images from the Lunar Reconnaissance Orbiter.  You will have your students count the 
craters above a certain size (5 km) there are in each image. Each group will then classify the images by 
number of craters.  This establishes the relative age of that area of the surface. The pictures will come 
together at the end to make one large map to illustrate how the surface age changes over a larger area of 
the Moon. 
 
Engage:  
Share the video “Lunar Craters Through 8” Telescope” at 
http://www.youtube.com/watch?v=k4YLMASou78 or “Lunar Moon Crater Copernicus Close Up at 
http://www.youtube.com/watch?v=AYa1LyVWiaQ 
 
Explore:  
Lunar Surface Age Activity – Students may work individually or with partners to trace and count craters 
on 3-5 lunar surface pictures.   
1. Hand out the pictures of the lunar surface to your students. These images will be marked so that you 

can put them back together at the end of the activity. 
2. Ask the students to find and circle all of the craters in their image with the silver Sharpie. Provide 

each student with the attached scale marker. They should only worry about circling craters that are 
larger than one square on the scale. This square represents 5 km.  

3. Have the students count up the number of craters in their pictures and cover each one with a colored 
square of cellophane or a plastic see-through folder based on the following guide:  



a. 0-3, blue 
b. 4-6, green 
c. 7-10, yellow 
d. 11+ red 

4. Have the students work together to arrange the colored pictures back into one large image on poster 
board based on the markings to facilitate analysis of the Moon’s history. 

 
Explain:  
Discussion/connections 

• What observations can you make about the section of the Moon that we’ve put together? 
• Which color represents the oldest surface?  
• Which is the youngest? 
• What does the large image tell you about the age of the surface in this area? 

Vocabulary  
• Lunar Reconnaissance Orbiter, crater, impactor, asteroid  
• Students will add and define LRO in their Moon Journals. 

Concept  
• The surface of the moon can be mapped using images from the LRO. 
• Individual craters have characteristics dependent on the history of their formation 
• Characteristics of craters give clues to their relative age 

 
Evaluate: 
Students can hand in their completed lunar surface pictures for assessment. 
 
Elaborate:  
Students may work with other surface pictures to improve their identification skills.  Professional 
scientists take these relative ages and put them on an absolute age scale by using radioisotope moon rocks 
that came back from Apollo and other missions 
 
Interdisciplinary Link: 
Link to Social Studies – Research the history of people who have mapped the Moon 
Link to Math – Graph the frequencies of the diameters of craters. 
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Vegetable Light Curves 
 

Developer: John Ristvey, McREL 

Audience: 8-12 Formal Education Teachers 

Format: Website 

Final Recommendation:   Recommended, revisions next update. 

 

The panel recommended this product as is for use by its intended audience.  

Comments in the attached summary and in the individual review reports should be taken 

into consideration the next time the product is updated or reprinted. 

 

Vegetable Light Curves 
 
Following is the summary of the individual reviews that was distributed to the reviewers prior to 

the panel discussion by telecon. This information was used to guide the panel discussion; it is 

included here to provide a complete report of the review process. 
 

Reviewer Overall Rating Recommendation 

Education Reviewer  Outstanding Recommended 

Education Reviewer  Outstanding Recommended 

Education Reviewer  Very Good Recommended, revisions next update. 

Science Reviewer  Very Good Recommended, revisions next update 

Science Reviewer  Very Good Minor Revisions 

 

Strengths 

 The product uses a hands-on activity, group exercise and provides ample 

opportunity to address common misconceptions with students. 

 The product fits nicely with NASA’s SMD Planetary Science Division content. 

 The student activity sheet asks thought-provoking, activity-related questions, 

which will help develop student understanding of light curves and their 

applications.  

 The teacher guide provides a list of standards that are appropriately related and 

supported by the activity. 

 The product is well suited for 8-12th grade students (Note: one reviewer felt parts 

may be difficult for 8
th

 graders). The addition of a quantitative extension allows 

the activity to be used by upper level (11-12) students as well.  

 The addition of alternative materials (cucumber, carrot, sweet potato) and 

modeling (types of motors or stick) makes the activity possible in just about any 

classroom setting. 

 The design quality is clear, easy-to-understand and follow. 

 The Teacher’s Guide provides ample links to online as well as print resources. 

 



Weaknesses 

 The assembly instructions could use more illustrations. 

 One reviewer could not load the following sites listed in the Vignettes pdf: 

o http://cfao.ucolick.org/ took the Reviewer to a commercial web site (Note: 

IGES had no trouble accessing) 

o Browser cannot find: 

http://cobalt.golden.net/~kwastro/Stellar%20Magnitude%20System.htm/ 

or 

http://www.ast.cam.ac.uk/HST/press/oposite.stsci.edu/pubinfo/PR/97/27/v

esta.mov 

 One reviewer felt the teacher guide was lacking sufficient introductory 

information about the purpose of the activity. This reviewer felt teachers 

unfamiliar with the subject need to read several pages to understand what this 

activity is going to accomplish. 

 

Suggestions/Comments 

 Specific scoring criteria are not provided, but teachers should have sufficient 

information between the questions and explanations provided in the Teacher’s 

Guide to develop their own grading system. 

 The addition of a specific example with numbers in the teacher guide for the 

“Quantitative Extensions” may be helpful to guide teachers since each student 

group will have different answers. 

 Adding a summative assessment piece (to augment assessment questions) would 

be a good addition. 

 Consider linking directly to the “I Can See You More Clearly Now” vignette 

mentioned on page 5, #5 of the Teacher’s Guide. 

 The design could be improved by more illustrations. For example, consider 

adding a photograph to the “Quantitative Extensions” section of the degree 

marked paper with a potato oriented on it for visual clarity (as was done in the 

Assembly Instructions with the motor and potato setup). 

o One reviewer suggested considering the value of the addition of a few 

short movies showing procedures. Specifically, the reviewer felt students 

might find the prompt on student activity sheet, section 4, question #4, to 

be difficult to understand (could use a picture, diagram, or movie to 

further explain). 

o Another reviewer thinks the Assembly Instructions  

 Although learning technologies are not required for this activity, teachers who 

have graphing and modeling programs available for student use could easily 

integrate them. 

 In “history and discovery” one reviewer was curious as to why WWII had so 

much of an effect but WWI didn’t. 

 One reviewer was surprised not to find references to the Galileo spacecraft 

asteroid flybys. 



Monday,	December	12	

10:00	–	11:30	The	Shale	Hills	Critical	Zone	Observatory	Virtual	Fieldwork	Experience:	A	
Gateway	to	the	NGSS's	Three	Dimensional	Science–	Dr.	Tim	White	(Pennsylvania	State	
University),	Dr.	Don	Duggan-	Haas	(The	Paleontological	Research	Institution),	and	Sarah	Sharkey	
(Pennsylvania	State	University).	

	



The	Shale	Hills	Critical	Zone	Observatory	Virtual	Fieldwork	Experience:	A	
Gateway	to	the	NGSS’s	Three-Dimensional	Science	
 
Presenter	Biographies	
	

 
Tim	White,	Senior	Scientist;	Earth	and	Mineral	Sciences,	The	
Pennsylvania	State	University,	is	the	Coordinator	of	the	CZO	
National	Office,	which	promotes	communication	among	CZO	PIs,	
organizes	national	meetings,	offers	graduate/young	scientist	
workshops,	and	develops	electronic	delivery	of	educational	
resources	for	Critical	Zone	science.	White's	research	is	
predominantly	field-based,	using	the	disciplines	of	sedimentary	
geology,	paleoclimatology,	paleopedology,	chemostratigraphy,	
organic	petrology,	and	hydrogeology. 	
	

	
Don	Duggan-Haas	is	Director	of	Teacher	Programs	at	the	
Paleontological	Research	Institution	in	Ithaca,	NY.	He	is	an	Earth	
science	educator	and	is	co-coordinator	of	Education	and	
Outreach	for	the	Critical	Zone	Observatory	Network.	Don’s	
especially	interested	in	technology-rich,	place-based	and	inquiry-
oriented	approaches	to	teaching	and	learning	that	aim	to	build	
deep	understandings	of	Earth	system	science	and	especially	the	
big	ideas	that	define	the	discipline.		These	approaches	engage	
learners	in	the	close	study	of	their	local	environment	and	use	
locally	grounded	understandings	to	better	understand	the	global	

Earth	system.	With	work	addressing	teaching	and	learning	about	hydrofracking,	climate	change	
and	evolution,	he	also	has	expertise	in	the	teaching	of	controversial	issues.	
	

	
 Sarah	Sharkey	is	a	research	assistant	for	the	Science	Across	
Virtual	Institutes	(SAVI)	Project	of	the	CZO	National	Office	at	The	
Pennsylvania	State	University.	She	works	to	facilitate	
communication	and	cross-site	science	using	common	
measurements	within	the	U.S	CZOs	and	internationally.	She	
manages	and	provides	support	to	CZO	communication	outlets	
including	social	media	accounts	and	CZO	websites,	
CriticalZone.org	and	CZEN.org.	Sharkey	also	provides	web	and	
outreach	support	to	Penn	State’s	Master	of	Education	in	Earth	
Sciences	degree	program.		



Things	to	do	Before	the	CZO	GIFT	
Workshop	
We’ll	be	working	with	Virtual	Fieldwork	in	the	Critical	Zone:	Why	Does	This	Place	Look	the	
Way	it	Does?,	a	webpage	found	here:	http://virtualfieldwork.org/CZO-VFE-Intro.html.	You	may	
wish	to	skim	it	prior	to	the	workshop.			
	
The	workshop	will	be	using	online	resources,	so	bringing	a	laptop	computer	is	recommended.	
Prior	to	the	workshop,	you	should	also	install	Google	Earth	or	Google	Earth	Pro.	Note	that	
Google	Earth	Pro	is	now	available	free	to	all	users,	and	it	has	some	advantages	over	the	“non-
Pro”	version.		
	
Google	Earth	and	Google	Earth	Files	
Download	either	version	of	Google	Earth	at:	https://www.google.com/earth/	
	
We’ll	be	using	a	few	different	Google	Earth	files,	which	you	may	wish	to	download	prior	to	the	
workshop:	

• The	Google	Earth	component	of	the	Shale	Hills	Critical	Zone	Observatory	Virtual	
Fieldwork	Experience:	http://	http://virtualfieldwork.org/CZO-VFE-
Intro.htmlvirtualfieldwork.org/GEfiles/Shale_Hills.kmz		

• Earth	Point	USGS	Topographic	Maps	Layer	Displays	USGS	Topo	Maps	on	Google	Earth.	
For	USA	only.	http://www.earthpoint.us/TopoMap.aspx		

• The	geologic	map	of	your	state	from	the	USGS’s	Geologic	maps	of	US	states	(kmz	files):		
http://mrdata.usgs.gov/geology/state/		

	
Suggested	Apps/Software	for	Documenting	and	Sharing	Fieldwork:	
Several	apps	for	smartphones	and	tablets	can	help	to	document	fieldwork	and	share	it	with	
others.	A	few	are	listed	here.	We	won’t	likely	spend	much	time	working	with	these	during	the	
workshop,	but	will	note	what	they	can	do.		

• Google	Street	View	(available	from	the	iTunes	Store	and	Google	Play).	This	app	allows	
you	to	capture	spherical	panoramas	on	your	smartphone	or	tablet	and	upload	them	to	
Google	Maps/Earth.		

• Zoom	videoconferencing	software.	Zoom	allows	for	connecting	the	field	and	the	
classroom,	or	classroom	to	classroom.	It	can	also	be	used	to	record	screengrab	video	–	
record	a	conference	with	you	as	the	only	attendee:	http://zoom.us		

• TouchTerrain	(beta).	TouchTerrain	allows	for	printing	tiles	of	landscapes	on	3D	printers.	
http://touchterrain.geol.iastate.edu/		

	



Critical Zone science and CZ Observatories (CZO)
Dr. Tim White

CZO National Program Coordinator
Earth and Environmental Systems Institute

The Pennsylvania State University



Critical Zone:

• Term published by the U.S. National 
Research Council in 2001 BROES report

= Thin veneer at Earth’s surface spanning 
from the top of vegetation canopy through
soil to deep in the subsurface where fresh 
groundwater circulates.

= Critical Zone –v- critical zones? 



Tropical rainforest:
- Extensive forest canopy with

complex understory
- Thick mature soils and

deep weathered regolith
- Potentially deep aquifers



Longyearbyen Valley,
Spitsbergen

Polar realm:

- Stunted vegetation
- Thin discontinuous soils
- Permafrost



Soil exists at the “heart” of the Critical Zone

Important for:
- agriculture
- water filtration
- C sequestration
- biodiversity

But degraded, in places severely, by humanity.



Soil exists at the “heart” of the Critical Zone

Important for:
- agriculture
- water filtration
- C sequestration
- biodiversity

But degraded by humanity.



Critical Zone science and Observatories (CZOs) 
evolved from the recognition that many similar 
scientific questions were being asked by diverse 
groups of Earth surface scientists who did not 
typically collaborate.



Nutrients

Chemistry
of Water

Atmosphere

Landform 
Evolution

What processes control 
fluxes of carbon, 
particulates, and reactive 
gases over different 
timescales?

How do biogeochemical 
processes govern long-
term sustainability of 
water and soil 
resources?

How do processes that 
nourish ecosystems change 
over human and geologic 
time scales?

How do variations in and 
perturbation to chemical and 
physical weathering 
processes impact the 
Critical Zone?

Four Driving Questions of CZ Science



CHALLENGES:

- Critical Zone is a complex system(s)

- Global in extent, requires international 
cooperation and funding.

-Deeply interdisciplinary, requires new 
cadre of scientists



CZOs are beginning to bring diverse communities 
together to build cross-science alliances to answer
these complex interdisciplinary questions.

But….... How?



• Recognized international cooperation is essential to success

• Planned for and included cooperation from the start

• Need a network of people, data and sites



Network Approach

• To explore one environmental variable with 
other variables constant

• To compare data measured in the same way at 
multiple sites

• To understand broad patterns of behavior

• To create community among scientists and 
generate interdisciplinary understanding



Soil formation, or pedogenesis, is 
controlled by five variables in nature, 
the so-called state factors:

1. parent material
2. climate
3. topography
4. biota
5. time
6. humans



Climate
Lithology

Critical Zone Exploration Network
- environmental gradients

Disturbance





• Marymount meeting culminates at NSF, 2007
• NSF funds 3 CZOs, 2007
• NSF funds CZ International scholars program, 2007-13

– Includes training workshops in Crete and Iceland
• European Commission supports US scientist participation 

in SoilCritZone, 2007-2009
• NSF funds 3 CZOs, 2007
• NSF funds 3 additional CZOs through ARRA, 2009
• European Commission funds 4 CZOs, 2010
• NSF funds 4 new CZOs and CZONO and SAVI, July 

2013

Partial History: Critical Zone Exploration 
Network (CZEN)

Pertinence (continued)



Brantley et al., 2006

Download at: 
www.czen.org



International 
participation
•Vala Ragnarsdottir (Bristol)

•J. Gaillardet (IPGP)

•G. Humphreys (Macquarie)

•E. Jobbagy (CONICET)

•R. Kretzschmar (ETH)

•F. von Blanckenburg 
(Hannover)





The sites promote site-specific research but also education activities 
and are beginning to create community among a diverse group of 
scientists and educators. 

ER RC

IML

CH

- SC

SS  Southern Sierra CZO   (California) BC  Boulder Creek CZO  (Colorado)
SH  Susquehanna-Shale Hills CZO  (Pennsylvania) Christina River Basin CZO   (Pennsylvania/Delaware)
Jemez River Basin – Sta. Catalina CZO (NM/AZ) LM-Luquillo CZO  (Puerto Rico)
ER  Eel River CZO  (California) RC   Reynolds Creek CZO (Idaho)
IML  Intensively Managed Landscapes CZO  (Illinois/Iowa) CH   Calhoun CZO (South Carolina)



Societal relevance:

The zone within which most terrestrial 
life exists and depends on.

Ongoing climate and land use changes 
to the zone may stress terrestrial life 
including humanity – thus a better 
understanding of CZ processes and 
function may aid adaptation to change.



* Pollination
* Fulfillment of cultural, spiritual/intellectual needs
* Regulation of climate
* Insect pest control
* Maintenance and provision of genetic resources
* Maintenance and regeneration of habitat
* Provision of shade and shelter
* Prevention of soil erosion
* Maintenance of soil fertility
* Maintenance of soil health
* Maintenance of healthy waterways
* Water filtration
* Regulation of river flows and groundwater levels
*Waste absorption and breakdown

Critical Zone Services

If we allow natural assets to decline, so do the benefits. 
But if we care for and maintain natural assets, we will reap 
greater returns.



The value of the worlds’s ecosystem services, i.e. natural capital
• Costanza et al., Nature, 387, 253-260. 

Average: ~$33 trillion/year (range $16-54 t/y)



0

10

20

30

40

50

60

500 700 900 1100 1300 1500 1700 1900 2100

Year

$1 trillion in 1900

$10 trillion in 1967

$52 trillion in 2003

World GDP (trillion 1990 dollars) 

Source:  DeLong 1998



Human Dominance or Alteration of Several 
Major Components of the Earth System
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Total global gross domestic product (2013):  US$74.3-87.3 trillion
(source: Wikipedia)
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Human Impacts

• Humans have already transformed 40-50% of  the ice-free land 
surface on earth. 

• Humans now use 54% of the available fresh water on the globe. 

• Humans are now an order of magnitude more important at 
moving sediment than the sum of all other natural processes 
operating on the surface of the planet.

• Humans now fix more atmospheric N than all terrestrial 
sources combined.



•Environmental damage
•Climate change
•Hostile neighbors
•Decreased support form friendly trade partners
•Society’s responses to problems.  



Outreach to greater CZO community:



Outreach to greater CZ community:

- www.czen.org
->1600 members
- >70 countries



Outreach to secondary education community:
czo.stroudcenter.org/reu/



Outreach to secondary education 
community:



Outreach to secondary education 
community:



Outreach to secondary education community:

http://criticalzone.org/national/education-outreach/k-12-education-1national/



Outreach to secondary education community:

http://criticalzone.org/national/education-outreach/k-12-education-1national/



Outreach to secondary education community:

http://criticalzone.org/national/education-outreach/k-12-education-1national/



Outreach to secondary education community:



Outreach to undergraduate education 
community:





back to virtualfieldwork.org

Virtual Fieldwork in the CriticalVirtual Fieldwork in the Critical
Zone: Why Does This Place LookZone: Why Does This Place Look
the Way it Does?the Way it Does?
This webpage serves as an introduction to both Critical Zone science and the use
of Virtual Fieldwork Experiences (VFEs) for exploration of the Critical Zone.
Embedded within this page you will find VFEs of the Shale Hills Susquehanna
Critical Zone Observatory (CZO) and the Southern Sierra CZO. The page also
addresses The Next Generation Science Standards. The page is written for both
teachers and students.

What is the Critical Zone?What is the Critical Zone?
The Critical Zone (CZ) extends from the tops of the vegetation to the bottom of
the water table. It is a thin veneer that makes life possible on Earth. In the Critical
Zone, different cycles, including the carbon cycle, the water cycle, and the energy
cycle all interact in complex ways we are just beginning to understand.

Nine National Science Foundation-funded observatories around the country are set
in a range of environments and upon a range of lithologies. Interdisciplinary teams
of scientists are studying the Critical Zone not only across a range of different
geographies and different geographic scales, but also attending different temporal
scales, from seconds to eons.

http://virtualfieldwork.org/
http://www.thefreedictionary.com/Lithologies


Illustration modified from Chorover, J., R. Kretzschmar, F. Garcia-Pichel, and D. L.
Sparks. 2007. Soil biogeochemical processes in the critical zone. Elements 3, 321-
326. (artwork by R. Kindlimann).

Critical Zone QuestionsCritical Zone Questions
Despite the Critical Zone’s importance to life on Earth, its nature is poorly
understood. Fundamental questions include:

- How does the Critical Zone form?
- How does it function?
- How will it change in the future?



The Critical Zone Has Local Relevance to EveryoneThe Critical Zone Has Local Relevance to Everyone
The Critical Zone covers the entirety of the land on Earth, making it relevant to
everyone, everywhere. Society and terrestrial life itself depends upon the services
provided by the Critical Zone. These Critical Zone Services are not always explicitly
considered in the management and use of natural resources. They should be.

Understanding Critical Zone science is important to everyone, and the Critical Zone
is underfoot nearly everywhere. Getting to know your local environment and the
nature of the Critical Zone within it is an excellent place to start. By studying how
the Critical Zone is studied elsewhere - especially including at Critical Zone
Observatories, you can learn how to more effectively learn about your local Critical
Zone, and understand it in comparison to somewhere else. That comparison both
deepens your understandings of the local environment and of the global
environment. Further, it provides insights into environmental change and to
humanity's roles in that environmental change.

Virtual and Actual Fieldwork in theVirtual and Actual Fieldwork in the
Critical ZoneCritical Zone

http://criticalzone.org/catalina-jemez/publications/pub/field-et-al-2016-understanding-ecosystem-services-from-a-geosciences-perspe/


A group of undergraduate and teacher researchers at the Shale Hills Critical Zone
Observatory. Note that this image is an interactive Street View panorama.

Using Virtual Fieldwork Experiences in theUsing Virtual Fieldwork Experiences in the
ClassroomClassroom
This page is written in a way that is intended to serve an array of users. The most
obvious audiences are teachers and students, but we hope that it serves anyone
who wants to unearth the story of a place. Readers may engage in that exploration
alone or together. There is a fair amount of text to explain different aspects of
teaching and learning with Virtual Fieldwork Experiences and about Critical Zone
science. While we think this is helpful, especially for those new to the approaches
used here, experienced users of VFEs may skim through this text and move onto
exploring the site with both the Prezi and the Google Earth file linked below.

In many field trip settings, whether virtual field trips like this one, or at an actual
field site, teachers or field trip leaders point things out. That can be interesting,
educational, and fun, but the learning is likely to be more durable if the learner
figures things out. Ideally, in working together, teachers will act as collaborators
with students, and will work to figure things out together.

We also hope that sharing strategies for teaching and learning with the learners, as
we are doing here, will help learners to be more metacognitive. Metacognitive

https://maps.googleblog.com/2015/09/introducing-new-street-view-app-from.html
http://www.nap.edu/read/10126/chapter/2#9


learners are learners who actively learn how they learn, and work to manage and
improve their learning processes.

A fundamental goal of learning in the geosciences is to be able to answer the
question, “Why does this place look the way it does?” where “this place” is
wherever you happened to be, or whatever location you happen to be studying.
The question leads to a sort of “who done it?” – a mystery, or set of interlocking
mysteries, to be solved. Unearthing these mysteries is rarely a simple task. A
landscape is always the result of the interplay of many different processes, often
over very long periods of time. There is never, or almost never, one single process
that explains why a particular landscape is the way that it is.

Nearly every unit in an Earth or environmental science course, and most of the
units in a biology course, play out in some meaningful way in most environments,
including the one outside your classroom door. The table below lists units in typical
Earth science and biology curricula. Look through the list and consider how each
unit influences the landscape where you live and the landscape or landscapes you
will explore through virtual fieldwork.

Units in a typical EarthUnits in a typical Earth
science course:science course: Units in a typical biology course:Units in a typical biology course:

• Introduction: Size, Shape, and
Composition of Earth

• Introduction: Unity and Diversity among
living things

• Mapping • Maintenance in living things

• Rocks and Minerals • Human Physiology

• Weathering, Erosion,
Deposition, and Landforms

• Reproduction and Development

• Earthquakes and Plate
Tectonics

• Transmission of traits from generation to
generation

• Earth History & Paleontology • Evolution (Note: Evolution is both a
crosscutting theme and a unit.)

• Meteorology and Climate • Ecology

• Astronomy



It’s all there – each and every one of these curriculum units is happening outside
your classroom door, outside the door of your home, and wherever your field site
happens to be. Fieldwork, whether real or virtual, can be used to deepen
understandings for any and all of these topics.

While it is all there, there is also ambiguity. Doing fieldwork, whether virtual or
actual, has substantial important differences from doing traditional schoolwork. We
think that's a good thing. Reading the lay of the land, answering the question of
why a place looks the way it does is complex work that both develops and requires
the understandings of content from multiple disciplines and - at least as
importantly - understanding the meaning of the connections amongst those
disciplinary ideas. In other words, doing fieldwork is more like doing life than it is
like doing schoolwork.

ComplexifyComplexify
Much of what we do in school simplifies the seemingly complex. That is important
to do much of the time, but it is also important to complexify the seemingly simple
- to dig into the complex nature of how our world works. Fieldwork, whether real or
virtual, provides excellent opportunities for studying the interplay of different
Earth systems and processes. As you explore your field site, consider the
connections amongst the processes of life, rock formation, and the nature of
weather and climate. Then consider connections to other areas of science, and to
disciplines beyond science.

Learning ObjectivesLearning Objectives
There are a large range of possible learning objectives that can be satisfied
exploring the content of this site. The most basic knowledge level objective are:
Define the Critical Zone and describe its component parts. And: Describe common
Critical Zone Services and why they are important to life on land.

Utimately, we hope learners satisfy more sophisticated objectives that are higher
on Bloom's Taxonomy. While we will share some objectives that might be
addressed or satisfied in working with content of this site, we also recognize (and
welcome the idea) that educators and learners will choose or develop their own
objectives for their use of the site. In choosing to do that, they will be more
metacognitive than those who simply follow whatever suggestions we happen to
make.

High level objectives that we hope users aspire to include:

Interpret the environment represented within the VFE you are
investigating, including descriptions of why the landscape looks the

1

http://virtualfieldwork.org/ambiguity.html
http://www.celt.iastate.edu/teaching/effective-teaching-practices/revised-blooms-taxonomy


way it does, and how it has changed over time.
Create a VFE representing your local environment or a field site you
have visited and present it to interested others.

These objective do lack specificity in terms of the level of detail for explanations
and the scale of the VFE to be created. Educators might determine this before
working with their students, or educators and students might work together to
negotiate the scale of the explanations and models.

The "interested others" mentioned in the second objective could be community
members, or other classes. Inexpensive video conferencing allows the interested
others to be a great distance away. We suggest connecting classrooms the
country, and can help facilitate that.

The sections on The Next Generation Science Standards below also addresses
objectives.

Critical Zone Science, Virtual FieldworkCritical Zone Science, Virtual Fieldwork
and the Next Generation Scienceand the Next Generation Science
StandardsStandards
The Next Generation Science Standards (NGSS) is a multi-state effort to create
new education standards that are "rich in content and practice, arranged in a
coherent manner across disciplines and grades to provide all students an
internationally benchmarked science education." The NGSS presents science as
"three-dimensional," where the three dimensions are "Scientific and Engineering
Practices," "Crosscutting Concepts," and, "Disciplinary Core Ideas." These are
shown in the table below.

This webpage assumes basic familiarity with NGSS. "The Teacher-Friendly Guides,
Virtual Fieldwork, and the NGSS's Three-Dimensional Science," the appendix of The
Teacher-Friendly Guide to the Earth Science of the United States, gives a general
overview of how fieldwork, whether real or virtual, can be used in NGSS-informed
instruction. It also can serve as an introduction to the NGSS.

For teacher-written descriptions of the kinds of conceptual shifts that the NGSS
requires, see the Shifts page of the Practices Resources in Science and Math
(PRISM) website. The site also includes video cases of NGSS-based teaching.

http://nextgenscience.org/
http://geology.teacherfriendlyguide.org/index.php/appendix-gen-mw
http://geology.teacherfriendlyguide.org/
http://www.practices-resource.com/the-shifts
http://www.practices-resource.com/


Summary of NGSS’s Three Dimensions. For more detailed descriptions, see the
relevant appendices in The Next Generation Science Standards at
http://nextgenscience.org/.

Virtual and actual fieldwork, and Critical Zone science are all very well suited to
teaching three-dimensional science in ways that resonates with NGSS. Here's an
extended excerpt from the appendix mentioned above.

Deep understandings of why your local environment looks the way it does
requires understanding the local environment from multiple disciplinary
perspectives, and understanding the connections amongst these different
disciplinary ideas. That is, to understand your local environment, a systems
perspective is needed. Scientifically accurate meaningful understanding can
and does come out of single lessons, single units, and single courses, but
these understandings become richer, deeper, and more durable if they are
connected across courses. The NGSS vision includes recognition that
building a deep understanding of big ideas is both very important and a
process that takes years of coordinated effort. Fortunately, the many
processes that shape the local environment are part and parcel of existing
curricula, and especially for Earth science, biology, and environmental

http://nextgenscience.org/
http://geology.teacherfriendlyguide.org/index.php/appendix-gen-mw


science courses, nearly every unit has central aspects that play out on a
human scale just outside the school door. A coordinated approach to the
study of the local environment across units within a single course and across
grade levels and courses can be a fairly subtle change in each teacher’s daily
routines, but it has the potential for big returns in terms of the depth of
student understanding. This deeper understanding pertains not only to the
local environment and the way course topics are represented within it, but
also to systems more generally, to the nature and importance of scale, and to
much, much more.

"All Scientific and Engineering Practices and all"All Scientific and Engineering Practices and all

Crosscutting Concepts in all courses,"Crosscutting Concepts in all courses,"
The above excerpt, and the document it draws from are focused broadly. They do
not focus on particular Performance Expectations, Disciplinary Core Ideas,
Crosscutting Concepts or Science and Engineering Practices but on the big picture
vision of the NGSS, and on a systems- and research-based approach to effective
science teaching. Considering how a particular teaching approach satisfies specific
standards is important, but it is fairly easy to lose sight of larger goals and begin
to treat those individual aspects of the Standards as a checklist. The larger goals
include transforming K-12 science education so that high school graduates are
prepared for the duties of citizenship, further education, and the workforce.

Under the heading, "All Scientific and Engineering Practices and all Crosscutting
Concepts in all courses," Appendix K of NGSS notes, “The goal is not to teach the
PEs, but rather to prepare students to be able to perform them by the end of the
grade band course sequence.” To help keep focus on these larger goals, we
suggest hanging posters of the NGSS's Crosscutting Concepts, Science and
Engineering Practices and Disciplinary Core Ideas on your classroom walls and
referring to them regularly. The University of Illinois' Project Neuron makes pdfs of
such posters available here.

Incorporate the Crosscutting Concepts and Science and Engineering Practices into
assignments regularly. One simple way to do that is to make questions about them
a part of standard lab reports. This five-question lab summary offers an example of
how to do that with a few straightforward questions. It includes a simple rubric,
and is in Microsoft Word format so that it can be easily edited to suit teacher
needs.

Of course, the Performance Expectations were developed for a reason. They, along
with Evidence Statements (and other resources), give guidance on what NGSS-
aligned instruction looks like. Excerpts of Evidence Statement, MS-ESS2-2 are

http://nextgenscience.org/sites/default/files/Appendix%20K_Revised%208.30.13.pdf
https://neuron.illinois.edu/NGSS-posters
applewebdata://27B961D7-13EC-4319-82F7-329A1D99055D/virtualfieldwork.org/downloadabledocs/NGSS/NGSS_Lab_Summary.docx
http://nextgenscience.org/evidence-statements


below.

Excerpts of Evidence Statement: MS-ESS2-2. See the full Evidence Statement here
and see the related Performance Expectations here (both documents are pdf).

The kind of science described in the example Performance Expectation and
Evidence Statement can be well addressed by engaging in actual fieldwork
exploring and describing the Critical Zone either outside your classroom door or
through virtual fieldwork. And, this holds true for many, if not most, of the
Performance Expectations within the NGSS. If looking at the level of Performance
Expectation seems daunting, relax. Go back and look at the big picture ideas
expressed within the Crosscutting Concepts and Science and Engineering Practices
and consider how these are applied to the study of the environment. All of the
guidance provided here is intended to support teaching that satisfies the NGSS,
even if, or maybe especially if it is not focused on specific Performance
Expectations.

Using VFEs to foster rich discussionUsing VFEs to foster rich discussion
We found the Ambitious Science Teaching Project's Discourse Primer for Science
Teachers four high-level goals for talk resonate with our goals for the kind of
conversations that VFEs should foster. These goals are shown below.

http://nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-ESS2-2%20Evidence%20Statements%20June%202015%20asterisks.pdf
http://nextgenscience.org/dci-arrangement/ms-ess2-earths-systems
http://ambitiousscienceteaching.org/
http://ambitiousscienceteaching.org/wp-content/uploads/2014/09/Discourse-Primer.pdf


Eliciting students’ initial scientific hypotheses in order to plan for further
instruction. The goal of this discourse is to draw out students’
understandings of a phenomenon (e.g. a bicycle rusting in the backyard) that
is related to an important scientific idea (in this case chemical change or
conservation of mass). After the lesson we analyze students’ ways of talking
about it in order to adapt upcoming learning experiences. 

Making sense of data/information. The goal here is to help students
recognize patterns in data, critique the quality of data, and to propose why
these patterns exist. What, for example, is going on at the unobservable level
that explains our observations? 

Connecting activities with big scientific ideas. The goal of this practice is to
combine data-collection activities with readings and conversation in order to
advance students’ understanding of a broader natural phenomenon. This
conversation is different from the previous one, in that students are not
trying to explain the outcome of an activity, but to relate the activity to a
bigger science idea or puzzle that the unit is framed around. 

Pressing students for evidence-based explanations. This discourse is
designed to happen near the end of a unit, but elements of this conversation
can also happen any time the teacher is trying to get students to talk about
evidence. The goal of this discourse is to assist students in using multiple
forms of evidence, gathered during a unit, to construct comprehensive
explanations for a phenomenon that has been the focus of the unit. 

From: A Discourse Primer for Science Teachers (p. 7). Available here.

Consider these goals as you explore and investigate your field sites - both the
virtual ones represented here, and any site local to your home or school. While
they are labeled here as goals for talk, they reflect goals for the kind of thinking
teachers, students, and other learners should engage in as they deepen their
understandings of scientific ideas.

As you explore our VFEs, you may wish for more explanations of some of the
underlying CZ science. There are a number of reasons for that, but paramount
among them is, "Explanation kills wonder," as Paul Anderson notes in his
discussions of the NGSS. Unsurprisingly, that's difficult and perhaps inappropriate
to explain, but it does support the fostering of rich discussion. This does not mean
that explanation is never appropriate, but as teachers, we often explain too much,
or give explanation before learners are ready to take them in. If we let learners

http://ambitiousscienceteaching.org/wp-content/uploads/2014/09/Discourse-Primer.pdf
http://www.bozemanscience.com/about/


wonder longer than we typically do, when they seek out explanations, the
understandings are likely to be more durable.

If your curriculum materials are alwaysIf your curriculum materials are always
(or usually) perfectly polished, you're(or usually) perfectly polished, you're
misrepresenting sciencemisrepresenting science
You are. Science, like life and the world more broadly, is rarely something that
points to one simple clear explanation, at least for things that really matter in the
world. Science is messy business. Too often, school curriculum leads learners to a
clear and straightforward answer. That isn't unreasonable for simple matters, but
for things that are really interesting, for things that really matter, it's a problem.

Science is often confusing, and if students aren't confused at least some of the
time, they probably aren't learning the science in a deep and meaningful way. The
explorations presented here probably tell too much for students to walk away with
deep understandings, but building understandings of the specific sites shown here
is not the only purpose of the content on these webpages.

As you explore these virtual field sites, consider how the nature of these sites
compares to your local environment. As you work through these resources
designed to help you understand the environment in these places, consider how
you can make a Virtual Fieldwork Experience of a place near where you live that
others could use to learn about your environment. Then make a VFE to share what
you have learned - or, make one to both share what you have learned and to
process what you have learned. Why does your place look the way it does?

Preview the VFE and consider what youPreview the VFE and consider what you
will focus uponwill focus upon
Given that most or all of the units within a course play out in nearly every
terrestrial environment, fieldwork, whether real or virtual, can be a part of
instruction in any unit. We suggest that you give attention to fieldwork in multiple
units throughout your course, and draw comparisons between your local
environment and the environments you visit virtually. Use fieldwork at the
beginning of a course to establish the purpose of your investigations; interweave
fieldwork throughout the course to highlight topics within each unit; and use
fieldwork as a capstone to tie the course content together. Fieldwork may be used
for any or all of these purposes, and it may make sense to choose one initial focus,

http://www.wired.com/2016/04/science-professors-arent-confusing-theyre-wrong/


especially if you have not led students in fieldwork previously. Remember that field
scientists may visit the sites they research hundreds of times over their careers
and continue to deepen their understandings with each visit.

Most VFEs that we’ve developed are customizable to teacher and student needs.
Google Earth or Prezi files can be edited to allow focus on a particular feature in
the landscape, or students may be directed to focus on specific topic. Generally,
they also allow topics and questions to be investigated at different depths.

Google Earth Files Useful to a Range of VFEsGoogle Earth Files Useful to a Range of VFEs
Earth Point USGS Topographic Maps Layer Displays USGS Topo Maps on
Google Earth. For USA only.
Geologic maps of US states (kmz files) Also available in html with links to
resources beyond geology here.

The Shale Hills Critical Zone Observatory VFEThe Shale Hills Critical Zone Observatory VFE
The Prezi Component (also embedded below)
The Google Earth (kmz file)

The Southern Sierra Critical Zone Observatory VFEThe Southern Sierra Critical Zone Observatory VFE
The Prezi Component (also embedded below)

http://www.earthpoint.us/TopoMap.aspx
http://mrdata.usgs.gov/geology/state/
http://mrdata.usgs.gov/general/map.html
http://prezi.com/heckentrhf3s/?utm_campaign=share&utm_medium=copy&rc=ex0share
http://virtualfieldwork.org/GEfiles/Shale_Hills.kmz
http://prezi.com/heckentrhf3s/?utm_campaign=share&utm_medium=copy&rc=ex0share


Questions to guide field inquiryQuestions to guide field inquiry
"Why does this place look the way it does?" is the driving question for our work
and we've developed series of questions that support the driving question. One
series focuses upon the rock at a site, and the stories that can be read in the rock.
Another set of questions focuses on the underlying geoscience, and a third
addresses environmental science and ecology. All of them are framed so that they
can be productively investigated at any site.

Click here for a worksheet that includes the questions focused on the rock. The
geoscience and environmental science question lists are more detailed series of
questions are available as part of a packet with a series of checklists for preparing
for field work. Content from that packet was expanded into a chapter, "Real and
Virtual Fieldwork," from the Teacher-Friendly Guide to the Geoscience of the
United States. These checklist questions are also embedded within the Prezi
above, with slight customization for the special features of the site.

While these question sets include attention to human impacts, we hope to develop
another set of questions (in partnership with social science educators) that draws
focus on the role of human activities in shaping the environment. Most of the
places we go have been profoundly shaped by human activity, and we invite you to
give this serious consideration in your field work.

Productive field inquiry raises newProductive field inquiry raises new

http://virtualfieldwork.org/downloadabledocs/Generic_VFE_questions.doc
http://virtualfieldwork.org/downloadabledocs/howtos/geoscience-checklist.pdf
http://virtualfieldwork.org/downloadabledocs/howtos/ecology-checklist.pdf
http://virtualfieldwork.org/downloadabledocs/howtos/VFE_Development_as_PD.pdf
http://geology.teacherfriendlyguide.org/index.php/fieldwork-gen-mw
http://geology.teacherfriendlyguide.org/


questionsquestions
Virtual fieldwork offers the opportunity to explore an area without leaving the
classroom, and it allows multiple “visits” to a site. “Why does this place look the
way it does?” is a bottomless question, meaning that it can be productively
investigated for a very, very long time. Field scientists, be they professionals or
fifth graders, will never fully answer this driving question absolutely or at every
scale. Many of the supporting questions also have a bottomless quality.

These big questions can be used to drive discussion and investigation, and they
can be used in graded assignments. The teacher can define the level of detail
students are expected to use in graded work. Many of these questions can serve
as catalysts for research papers or projects, but they can also be meaningfully
answered in a concise paragraph.

A photograph is a datasetA photograph is a dataset
Most of our VFEs are built around sets of imagery, some of which is interactive.
Consider what you see as a dataset - or at least as a set of data, as "dataset"
often refers to specific kinds of computer files. A photograph can contain a
tremendous amount of data and also help to place other data into context,
especially if the photograph is of very high resolution.

A "CZ Tree" at the Southeran Sierra Critical Zone Observatory. CZ Trees have



monitoring instrumentation embedded within the tree and into the root mass. Note
that this image is an interactive Street View panorama. Use your mouse and the
controls in the upper right corner of the image to view fullscreen, and to pan and
zoom.

Consider and discuss what kinds of data can be included in a photograph taken in
the field, and discuss how photographs can help provide context for other kinds of
data. What can be interpreted about the nature of a place by interpreting
photographs of that place? What kinds of information are easy to capture with a
photograph? What kinds of data are more challenging to capture this way? As you
look at different VFEs, ask yourself, "What do I wish the authors had taken
pictures of?" And, "How could the photographs better capture aspects of the site,
to help us understand why the place looks the way it does?" Use these questions
to help you think about what to do when you create a VFE of your own.

Instruments can extend and sharpen our senses. Your sense of sight, of course, is
not the only sense used in interpreting a field site. See The Teacher-Friendly Guide
to the Earth Science of the United States' chapter, "Real & Virtual Fieldwork" for
more on using instruments to extend the senses.

How to look at a specimenHow to look at a specimen
Most of our VFEs provide the opportunity to take a close look at at least a few
rocks, fossils or biological specimens. That may not sound all that interesting, but
any of these can tell a story, if you know how to read it. How to Look at a Rock
provides a good basic overview of how to begin to read that story. While the
article is focused upon rocks, similar strategies apply to making sense of other
kinds of specimens.

The article begins by stressing the importance of context. Knowing where a rock,
fossil, or biological specimen was originally found is tremendously helpful. A
specimen's location data gives you information about its story. The loss of this
data makes a specimen much, much less valuable from a research perspective, like
a paragraph out of novel, without the surrounding story, without the surrounding
context, the specimen in isolation makes little sense.

When you collect specimens in the field, therefore, labelling them is profoundly
important. Bag your specimen and insert a label like the one below. Click the
caption to download labels to print, or make your own.

2

https://maps.googleblog.com/2015/09/introducing-new-street-view-app-from.html
http://geology.teacherfriendlyguide.org/
http://geology.teacherfriendlyguide.org/index.php/fieldwork-gen-mw
http://geology.about.com/od/rocks/tp/rocks101.htm?utm_source=facebook&utm_medium=social&utm_campaign=shareurlbuttons


A specimen label. Click here to download labels that print six to a page.

Drawing can help you see more clearlyDrawing can help you see more clearly
Looking, more broadly is an important skill, and one that can be learned. Drawing
sketches of what you see helps push learners to look more carefully. Reading the
essay, In the Laboratory with Agassiz (also known as, "Look at Your Fish!") by
Samuel Scudder is helpful for thinking about how drawing can help you see.

Consider the most important takeawaysConsider the most important takeaways
From field investigation, you can learn a lot about the story of a place - how a
landscape came to be the way that it is. This is, of course, deepened by other
kinds of research, both in the lab and in the library. We do think learning the story
of a place is important, but for most learners, the details of how plate tectonics
and climate shaped a particular environment are not the most important
understandings, or the understandings that we hope will prove most durable.

By durable understandings, we mean big ideas that the learner will remember and
understand for years after instruction. We have carefully crafted a set of Earth
Science Bigger Ideas and Overarching Questions and we hope students and
teachers will revisit them and consider their connections to their investigations.

http://virtualfieldwork.org/downloadabledocs/SpecimenLabelGreyscale.doc
http://philosophy.lander.edu/intro/introbook2.1/x426.html
http://virtualfieldwork.org/Big_Ideas.html


The Overarching Questions, "How do we know what we know?" and, "How does
what we know inform our decision making?" are as important as the Bigger Ideas
themselves.

Engaging in fieldwork (and the research in the lab and library to support that
fieldwork) helps us to understand how scientific stories are unearthed. To
understand how scientific stories are unearthed is at least as important as
understanding those scientific stories themselves.

Important takeaways from doing fieldworkImportant takeaways from doing fieldwork
Whether the fieldwork is actual or virtual, it can (and we think should) be used to
highlight two key ideas:

There are questions that can be productively asked and investigated about
any site.
Investigating a landscape is an exercise in Earth systems science – no
landscape is the product of a single process.

Further, virtual fieldwork is a user-friendly way of documenting, analyzing and
sharing lessons learned from doing actual fieldwork.

These overarching ideas are likely more important than specific lessons about a
particular site. Connected ideas include that understanding the connections
between and among different Earth processes are as important as understanding
the processes themselves, that scientists work develop durable understandings of
the answers to these questions, and that students can engage in these questions
as professionals and in service to meeting their obligations as informed citizens.

Using Virtual Fieldwork as a catalyst forUsing Virtual Fieldwork as a catalyst for
actual fieldworkactual fieldwork
The VFEs we have created help tell the stories of the places they represent. While
they can, to some degree, stand in the place of actual fieldwork, that is not their
primary intention. When you visit a Virtual Fieldwork Environment, consider how
the place you are studying compares with your local environment and other
environments you have studied. How are the environments similar and how do they
differ? Consider too how you can make a VFE of your local environment that you
can share with others to teach them about where" you live (or the field sites you
visit). Ideally, engaging in Virtual Fieldwork leads to doing actual fieldwork.

 Human physiology is a bit different than the rest of the units as it focuses on a
single species.
1

2



 We're working on, "How to Look at a Fossil, that will be similar in nature to How
to Look at a Rock. Check back in 2017.
2

http://geology.about.com/od/rocks/tp/rocks101.htm?utm_source=facebook&utm_medium=social&utm_campaign=shareurlbuttons


Name:		____________________________	

Date:	 ___________________	

Class:	 _____________________	

Lab	Summary1	 	 	 	 	 	 	 	 Lab#______	

Lab	Name:	_________________________________________	
	

1. Summarize	the	main	concepts	of	this	laboratory	experience.	
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________	

	
2. Connect	this	lab	with	one	of	the	Crosscutting	Concepts.		The	list	is	in	the	

back	of	the	classroom	if	you	don’t	have	your	copy	available.	
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________	
	

3. Connect	this	lab	with	one	of	the	Science	and	Engineering	Practices.		The	list	
is	in	the	back	of	the	classroom	if	you	don’t	have	your	copy	available.	
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

																																																								
1	Adapted	from	“Lab	Summary	and	Rubric”	by	Joe	Henderson.	
http://virtualfieldwork.org/downloadabledocs/STANYS2009/Henderson_Lab_Summary_and_Rubric		
This	document	is	available	in	Microsoft	Word	format	here:	http://bit.ly/NGSS-Lab-Summary		
	



_____________________________________________________________
_____________________________________________________________	

	
4. Connect	this	lab	to	at	least	one	aspect	of	your	life.		How	would	this	

knowledge	be	useful	to	you	either	now	or	in	the	future?		
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________	
	

5. How	does	this	lab	utilize	science	as	a	“way	of	knowing”?	
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________	
	

	 	



Grading	Rubric	 	 	 	 	 	 	 	 	 Lab	#____	
Lab	Name__________________________________________________	

	
	 2	 3	 4	 5	 Self	 Teacher	

Lab	
Completion	

Few	of	the	questions	
are	attempted	with	
original	answers	

Half	of	the	questions	
are	attempted	with	
original	answers	

Most	of	the	questions	
are	attempted	with	
original	answers	

All	of	the	questions	are	
attempted	with	original	

answers	

	 	

Lab	Summary	
Sheet	

Incomplete/one	
critical	question	

answered	thoroughly	

Two	critical	questions	
answered	thoroughly	

Three	critical	questions	
answered	thoroughly	

All	critical	questions	
answered	thoroughly	

	 	

Neatness	
Lab	is	messy	and/or	
chunks	of	paper	

missing.		

Pencil	and	pen	marks	
all	over	the	place,	

hard	to	read	

Lab	is	mostly	neat,	is	
written	in	pencil,	with	

a	few	errors		

Care	has	been	given	to	
work	using	a	pencil	

	to	the	best	of	student’s	
ability	

	 	

Concept	
Knowledge	
(Question	1)	

Little	to	no	grasp	of	
content	knowledge	

Some	grasp	of	
content	knowledge	

Most	concepts	are	
understood	

All	concepts	are	well	
understood	

	 	

Crosscutting	
Concept	

(Question	2)	

No	acknowledgment	
of	Crosscutting	
Concept	analysis	

Some	
acknowledgment	of	
the	Crosscutting	
Concept,	but	very	

brief.	

A	general	sense	of	how	
the	Crosscutting	

Concept	is	represented	
with	examples,	but	not	

explained	

Detailed	analysis	of	
how	the	lab	relates	to	

the	Crosscutting	
Concept	

	 	

Science	&	
Engineering	
Practice	

(Question	3)	

No	acknowledgment	
of	Big	Idea	analysis	

Some	
acknowledgment	of	
the	ideas,	but	very	

brief.	

A	general	sense	of	how	
the	idea	is	represented	
with	examples,	but	not	

explained	

Detailed	analysis	of	
how	the	lab	relates	to	

the	Big	Ideas	

	 	

Connection	
w/	Reality	
(Question	4)	

Did	not	relate	lab	at	
all	to	your	life	

A	vague	sense	of	how	
this	lab	relates	to	life	

A	general	sense	of	how	
this	lab	relates	to	life	

A	specific	and	detailed	
sense	of	how	lab	
relates	to	life	

	 	

Scientific	
Inquiry	

(Question	5)	

No	
acknowledgement	of	
scientific	processes	

Little	
acknowledgement	of	
scientific	processes	

A	general	grasp	of	how	
scientists	work/think	

Mastery	of	scientific	
inquiry	and	processes	

	 	

6+1	Traits	 Disregard	for	all	
traits	of	writing	

Traits	have	been	
lazily	incorporated	

Some	traits	respected,	
but	not	fully	

Lab	written	with	all	
traits	in	mind	

	 	

Lab	Group	
Work	

Did	not	work	well	
with	others	

Contributed	very	
small	amount	to	lab	
completion	and	
group	work	

Contributed	an	average	
amount	to	the	

completion	of	the	lab	
with	your	group	

Actively	contributed	
within	your	group	

	 	

Safety	 Unsafe	lab	practices	
Teacher	had	to	speak	
to	you	multiple	times	

about	lab	safety	

Mostly	safe,	but	you	
were	spoken	to	at	least	

once	

Complete	lab	safety	
with	respect	for	
classmates	and	

materials	

	 	

	 TOTAL	 	 	

Lab	Credit?	
Y	or	N	 								%	 GRADE	 										

											/110	
Teacher	Comments:	



Monday,	December	12	
11:30	–	12:15	LUNCH	The	Quest	for	Another	Earth–Short	film	by	Daniel	Peluso	(8	minutes,	42	
seconds);	https://www.youtube.com/watch?v=X9GCrtIM7D8	
https://vimeo.com/107776717	
	
	
In	2009,	the	Kepler	space	telescope	launched	into	space	to	search	for	planets	orbiting	stars	
outside	of	our	solar	system.	These	planets,	called	exoplanets,	had	no	data	to	prove	their	
existence	until	20	years	ago.	Currently,	because	of	exciting	developments	in	astronomy,	data	
shows	that	planets	actually	outnumber	the	estimated	200	billion	stars	in	our	galaxy.	This	3D	
computer	animation	serves	to	highlight	the	importance	of	this	cutting	edge	science.	This	short	
film	spotlights	the	Allegheny	Observatory	where	members	of	the	research	team,	STEPUP	
(Survey	of	Transiting	Extrasolar	Planets	at	the	University	of	Pittsburgh),	actually	perform	
astronomical	observations	of	exoplanets.	To	ponder	the	wonders	of	the	age	old	question	of	
whether	we	are	alone	in	the	Universe,	the	animation	also	explores	a	recently	discovered	
exoplanet,	Kepler-186f,	which	is	500	light	years	from	Earth	and	has	been	called	an	“Earth-
cousin”	by	astronomers	because	of	its	similarity	to	Earth.	
	
Funded	by	the	Atlantic	Coast	Conference	Inter-Institutional	Academic	Collaborative	
Direction,	Production,	and	Writing	by	Daniel	Peluso	
Narrated	by	Mike	Boyer	
Film	Score	by	Jordan	Wood	
Science	Advisor	Arthur	Kosowsky	
Animation	Consultant	Dean	Mougianis	
	
This	film	was	showcased	at	the	AGU	Cinema	2016	on	Monday	morning.	
 

Daniel	Peluso	recently	graduated	(April	2016)	from	the	University	of	
Pittsburgh	and	received	a	B.S.	in	Natural	Sciences,	a	B.A.	in	Media	&	
Professional	Communications,	as	well	as	a	Certificate	in	Digital	Media.	In	
2014,	he	was	awarded	the	Atlantic	Coast	Conference	Inter-Institutional	
Academic	Collaborative	(ACCIAC)	Creativity	&	Innovation	Fellowship	and	
created	the	documentary,	The	Quest	for	Another	Earth.	The	short	

documentary	briefly	explains	the	science	of	exoplanets	and	research	done	at	the	University	of	
Pittsburgh.	In	the	summer	of	2015,	Daniel	was	awarded	the	Mickey	Leland	Energy	Fellowship	
and	conducted	geoscience	research	at	the	U.S.	Department	of	Energy’s	National	Energy	
Technology	Laboratory	(NETL).	Currently,	he	is	a	graduate	student	at	the	University	of	San	
Diego	in	the	School	of	Leadership	and	Education	Sciences’	Master	Credential	Cohort	Program.	
In	the	summer	of	2017,	he	expects	to	graduate	with	a	Master	of	Education	in	Curriculum	and	
Instruction	and	a	Single	Subject	Teaching	Credential	in	Physics	and	Earth	&	Space	Science	
(geoscience,	planetary	science,	etc.).	After	graduating,	Daniel	plans	to	enter	into	science	
education	in	the	state	of	California	and	is	determined	to	change	the	face	of	STEM	(science,	
technology,	engineering,	mathematics)	education	and	inspire	the	next	generation	of	
astronauts,	engineers,	astronomers,	and	scientists	of	tomorrow.	



Monday,	December	12	

1:30	–	3:00	Can	Humans	Cause	Earthquakes?	An	Argument	Driven	Inquiry	Lesson	to	Target	
3D-NGSS-	Learning–	Dr.	Danielle	Sumy	(IRIS	Consortium)	and	Michael	Hubenthal	(IRIS	
Consortium).	

	



 
Presenters	for	Can	Humans	Cause	Earthquakes?	

	
	
MICHAEL	HUBENTHAL	–	SENIOR	EDUCATION	SPECIALIST	AT	THE	IRIS	CONSORTIUM	
	

Slippery	Rock	University	(B.S.),	Binghamton	University	(M.S.)	
During	his	career,	Michael	has	taught	Earth	science	and	physics	in	the	
Maryland	public	school	system	and	been	an	Earth	System	Science	
Education	Specialist	at	NASA’s	Goddard	Space	Flight	Center.	While	at	
GSFC,	he	supported	the	development	of	several	Earth	System	Science	
curriculums,	co-authored	and	supported	the	implementation	of	several	
national	satellite	mission	education	plans,	and	developed	the	Earth	
System	Science	school	visit	program	for	the	GSFC	Visitor	Center.		For	the	

past	15	years,	Michael	has	been	responsible	for	the	development,	management	and	evaluation	
of	IRIS’s	teacher/instructor	professional	development	program,	its	undergraduate	internship	
program,	and	the	development	of	educational	products	for	formal	educational	settings.		
	
DANIELLE	SUMY	-	PROJECT	ASSOCIATE	AT	THE	IRIS	CONSORTIUM	

	
Florida	State	University	(B.S.),	Columbia	University	(M.A.,	M.Phil.,	Ph.D)		
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Seismic	Network	(CEUSN),	and	the	Early	Career	Investigators	(ECI)	
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research	on	aftershocks	of	the	2011	M5.7	Prague,	Oklahoma	induced	
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inspire	women	to	know	that	real	beauty	comes	from	the	inside.		
	



Can	Humans	Cause	Earthquakes?	
An	Argument	Driven	Inquiry	Lesson	

to	Target	3D-NGSS-Learning	
Michael	Hubenthal	– IRIS

Danielle	Sumy	- IRIS



Shift/Happens
• Would	you	be	surprised	
if	a	M	5.0+	quake	
occurred	where	you	
live?	Why	or	why	not?



8	Stages	of	ADI

http://www.argumentdriveninquiry.com/



8	Stages	of	ADI

http://www.argumentdriveninquiry.com/



Students	who	demonstrate	understanding	can:
MS-ESS3-4.	Construct	an	argument	supported	by	evidence	for	how	increases	in	human	population	and	
per-capita	consumption	of	natural	resources	impact	Earth's	systems.

Asking	questions
Planning	and	carrying	

out	investigations
Analyzing	and	

interpreting	data
Constructing	

explanations
Engaging	in	argument	

from	evidence
Obtaining,	evaluating	

and	communicating	
information	

MS-ESS3A	Natural	Resources - Humans	depend	on	
Earth's	land,	ocean,	atmosphere,	and	
biosphere	for	different	resources,	many	of	
which	are	limited	or	not	renewable.	
Resources	are	distributed	unevenly	around	
the	planet	as	a	result	of	past	geologic	
processes.

MS-ESS3B	Natural	Hazards - Some	natural	hazards,	
such	as	volcanic	eruptions	and	severe	
weather,	are	preceded	by	phenomena	that	
allow	for	reliable	predictions.	Others,	such	as	
earthquakes,	occur	suddenly	and	with	no	
notice,	and	thus	they	are	not	yet	predictable.	
However,	mapping	the	history	of	natural	
hazards	in	a	region,	combined	with	an	
understanding	of	related	geological	forces	can	
help	forecast	the	locations	and	likelihoods	of	
future	events.

MS-ESS3C	Human	Impacts	on	Earth	Systems -
Human	activities	have	altered	the	biosphere,	
sometimes	damaging	it,	although	changes	to	
environments	can	have	different	impacts	for	
different	living	things.	Activities	and	
technologies	can	be	engineered	to	reduce	
people's	impacts	on	Earth.

Cause	and	Effect:	Mechanism	and	
Explanation	 Events	have	causes,	
sometimes	simple,	sometimes	
multifaceted.	A	major	activity	of	
science	is	investigating	and	
explaining	causal	relationships	and	
the	mechanisms	by	which	they	are	
mediated.	Such	mechanisms	can	
then	be	tested	across	given	contexts	
and	used	to	predict	and	explain	
events	in	new	contexts.	

Stability	and	Change. For	natural	
and	built	systems	alike,	conditions	of	
stability	and	determinants	of	rates	of	
change	or	evolution	of	a	system	are	
critical	elements	of	study.	.	

Science	&	Engineering	Practices	 Disciplinary	Core	Ideas	 Crosscutting	Concepts	

Performance	Expectations)



Stage	1:	Identification	of	the	task	and	
guiding	question



Hydraulic	fracturing



Wastewater	disposal



Stage	2:	Design	a	method	and	collect	data

• Guiding	Question:	“How	could	oil	and	natural	
gas	production	in	Oklahoma	alter	the	rate	and	
size	of	earthquakes	in	Oklahoma?”	
–What	type	of	data	you	need	to	collect?
– How	you	will	collect	your	data?	
– How	you	will	analyze	your	data?	





How	could	oil	and	natural	gas	production	in	
Oklahoma	alter	the	rate	and	size	of	

earthquakes	in	Oklahoma?

• Let’s	share	some	of	the	investigations	that	
were	constructed.

Think	about	the	nature	of	the	conversation	you	
had.	How	does	it	compare	to	what	we	hear	

during	the	way	we	normally	engage	students	in	
scientific	investigations?



How	could	oil	and	natural	gas	production	
in	Oklahoma	alter	the	rate	and	size	of	

earthquakes	in	Oklahoma?

Evidence	
• Oklahoma	Seismicity	
– 1973	to	2008	(http://bit.ly/OK_Pre_Gas_Boom)

– 2009	to	Present	(http://bit.ly/OK_Gas_Boom)

• Map	of	Oklahoma	hydrofracking wells	
• Map	of	Oklahoma	injection	wells



Stage	3:	Analyze	data	and	develop	a	
tentative	argument

• Using	the	data	
provided	
construct	an	
argument	
using	the	ADI	
format.



Question: How	could	oil	and	natural	gas	production	in	
Oklahoma	alter	the	rate	and	size	of	earthquakes	in	

Oklahoma?	

• Let’s	share	some	of	the	arguments	that	were	
constructed.

Think	about	the	nature	of	the	conversation	you	
had.	How	did	you	use	scientific	content	to	make	

sense	of	the	evidence?



Stage	4:	Argumentation	Session

Evaluate	
• the	content	of	the	claim
• the	quality	of	the	evidence	used	to	support	
the	claim,	and	

• the	strength	of	the	justification	of	the	
evidence	included	



Stage	5:	Explicit	and	reflective	discussion	



Natural	Resources
Humans depend on Earth's land, ocean, atmosphere, and
biosphere for different resources, many of which are
limited or not renewable. Resources are distributed
unevenly around the planet as a result of past geologic
processes.



Where	does	natural	oil	and	gas	
come	from?

• Source	Rock	– usually	shales
– Temperature	and	Pressure

• Reservoir	Rock	– usually	sandstone
• Structural	Trap	and	Seal	

PG&E



Why	is	there	natural	gas	in	OK?

Due to forces within the Earth, parts of Oklahoma in the 
geologic past were alternately below or above sea level. Thick 
layers of sediments accumulated in shallow seas that covered 
large areas. The sediments were later buried and lithified (hard-
ened to rock) into marine shales, limestones, and sandstones 
over geologic time. In areas near the ancient seas, sands and 
clays accumulated as alluvial and deltaic deposits that sub-
sequently were lithified to sandstones and shales. When the 
areas were later elevated above the seas, rocks and sediments 
that had been deposited earlier were exposed and eroded. Up-
lift was accomplished by the gentle arching of broad areas, 
or by mountain building where rocks were intensely folded, 
faulted, and thrust upward.

The principal mountain belts, the Ouachita, Arbuckle, and 
Wichita Mountains, are in the southern third of Oklahoma 
(Fig. 2). These were the sites of folding, faulting, and uplifting 
during the Pennsylvanian Period. The mountain belts exposed 
a great variety of geologic structures and brought igneous 
rocks and thick sequences of Paleozoic sedimentary strata to 
the surface. The uplifts provide sites where one can observe 
and collect a great number of fossils, rocks, and minerals (see 
Table 1 and Figure 35).

The principal sites of sedimentation were elongate basins 
that subsided more rapidly than adjacent areas, and received 
10,000–40,000 ft of sediment. Major sedimentary basins were 
confined to the southern half of Oklahoma and include Anadar-
ko, Arkoma, Ardmore, Marietta, Hollis, and Ouachita Basins; 
the Ouachita Basin is the site of today’s Ouachita Mountains, 
and was active from Late Cambrian to Early Pennsylvanian. A 
smaller basin, the Dalhart Basin, is in the western Panhandle.

The following discussion is modified from Johnson (1971), 
Johnson and others (1989), and Johnson (1996). (Note that 
many geologic terms are defined in the Glossary of Selected 
Terms on pages 20 and 21. The stratigraphic column on page 
21 illustrates principal Oklahoma rock formations and their 
ages).

invertebrates such as trilobites, brachiopods, and bryozoans.

Silurian and Devonian Periods
Silurian and Devonian sedimentary rocks in Oklahoma 

(except for deposits in the Ouachita Basin) are limestone and 
dolomite overlain by black shale (Fig. 6). The Hunton Group 
(latest Ordovician, Silurian, and Early Devonian) is com-
monly 100–500 ft thick (maximum, 1,000 ft) and was eroded 
from northern shelf areas. Invertebrate marine fossils, such 
as brachiopods, trilobites, and crinoids, are abundant in the 
Hunton in the Arbuckle Mountains and in equivalent strata in 
the Ozark Uplift.  

After a period of widespread uplift and erosion, the Late 
Devonian to earliest Mississippian Woodford Shale was de-
posited in essentially the same areas as the Hunton, and north-
ward into Kansas.   

The pre-Woodford erosional surface is a conspicuous un-
conformity: 500–1,000 ft of strata were eroded over broad 
areas, and the Woodford or younger Mississippian units rest 
on Ordovician and Silurian rocks. The Woodford typically is 
50–200 ft thick, but it is as thick as 600 ft in the Arbuckle 
Mountains. The Devonian–Mississippian boundary is placed 
at the top of the Woodford because only the uppermost few 
feet of Woodford is earliest Mississippian.

In the Ouachita Basin, sandstone and shale of the Blaylock 
and Missouri Mountain Formations are Silurian. The Arkan-
sas Novaculite (chert) is Silurian, Devonian, and Early Mis-
sissippian. These three formations are 500–1,500 ft in total 
thickness.

Precambrian and Cambrian Igneous and Metamorphic 
Activity

Oklahoma’s oldest rocks are Precambrian igneous and 
metamorphic rocks that formed about 1.4 billion years ago. 
Then in another episode of igneous activity, during the Early 
and Middle Cambrian, granites, rhyolites, gabbros, and ba-
salts formed in southwestern and south-central Oklahoma. 
Heat and fluids of Cambrian magmas changed older sedimen-
tary rocks into metamorphic rocks.

Precambrian and Cambrian igneous and metamorphic 
rocks underlie all of Oklahoma and are the floor or basement 
on which younger rocks rest. The top of the basement rocks 
typically is ~1,000 ft below the Earth’s surface in the Ozark 
Uplift in northeastern Oklahoma, except where granite crops 
out at Spavinaw, in Mayes County. To the south and southwest, 
the depth to basement increases to 30,000–40,000 ft beneath 
deep sedimentary basins (Fig. 3). Adjacent to the basins, base-
ment rocks were uplifted above sea level in two major fault 
blocks and are exposed in the Wichita and Arbuckle Moun-
tains. Igneous rocks and hydrothermal-mineral veins crop out 
locally in these mountains.

Late Cambrian and Ordovician Periods
Following a brief period when newly formed Cambrian 

igneous rocks and ancient Precambrian rocks were partly 
eroded, shallow seas covered Oklahoma during the early Pa-
leozoic Era. This began a long period of geologic time (515 
million years) when parts of Oklahoma were alternately inun-
dated by shallow seas and then raised above sea level. Many 
rocks that formed in the various sedimentary environments 
contain fossils and diverse mineral deposits.

The sea first invaded Oklahoma in the Late Cambrian and 
moved across the State from the east or southeast. The Reagan 
Sandstone, consisting of sand and gravel eroded from exposed 
and weathered basement, was deposited in southern and east-
ern parts of Oklahoma. Thick limestones and dolomites of the 
overlying Arbuckle Group (Late Cambrian and Early Ordovi-
cian) covered almost the entire State (Fig. 4).  The Arbuckle     

Group marine sediments increase in thickness southward 
from 1,000–2,000 ft in northern shelf areas (Anadarko Shelf 
and Cherokee Platform) to about 7,000 ft in the Anadarko and 
Ardmore Basins, and in the Arbuckle Mountains. Thick de-
posits of black shale, sandstone, and some limestone are pres-
ent in the Ouachita province in the southeast.  Shallow-marine 
limestones, sandstones, and shales characterize Middle and 
Late Ordovician rocks throughout most of Oklahoma (Fig. 
5). Some of the most widespread rock units include Simpson 
Group sandstones, Viola Group limestones, and the Sylvan 
Shale. These strata are up to 2,500 ft thick in the deep Anadar-
ko and Ardmore Basins and in the Arbuckle Mountains. Thick 
layers of black shale, along with some chert and sandstone 
beds, occur in the Ouachita Mountains region to the south-
east. 

Limestone and other Late Cambrian and Ordovician rocks 
exposed in the Arbuckle Mountains and on the flanks of the 
Wichita Mountains contain abundant fossils of early marine 
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Figure 2. Major geologic provinces of Oklahoma (generalized from 
page 1, Fig. 1).

Figure 3. Generalized contours showing elevation (in thousands of 
feet below sea level) of the eroded top of Precambrian and Cam-
brian basement rocks in Oklahoma and parts of adjacent states.

Figure 4.  Principal rock types of Late Cambrian and Early Ordovi-
cian age in Oklahoma (explanation of map symbols, below, applies 
to Figures 4-18).

Figure 6.  Principal rock types of Silurian and Devonian age in 
Oklahoma (see Fig. 4 for explanation of symbols).

Figure 5.  Principal rock types of Middle and Late Ordovician age in 
Oklahoma (see Fig. 4 for explanation of symbols). 

EDUCATIONAL PUBLICATION 9: 2008  Geologic History, Page 3

Major	geologic	provinces	of	Oklahoma	(OGS)



Why	do	we	need	to	use	high-volume	hydraulic	
fracturing	to	extract	the	natural	gas	in	OK	

(or	other	tight	shales)?



Natural	Hazards
Some natural hazards (volcanic eruptions, severe weather) are
preceded by phenomena that allow for reliable predictions. Others
(like earthquakes) occur suddenly and without notice, and thus are
not predictable (yet). However, mapping the history of natural
hazards, combined with an understanding of related geological
forces, can help forecast the locations and likelihoods of future
events.



What	is	an	earthquake?	And	what	processes	
cause	earthquakes	to	occur	naturally?

USGS	Earthquake	Hazards	Program



Where	do	most	earthquakes	occur?

USGS



How	can	we	use	past	seismicity	to	
contribute	to	forecasting?	Prediction?
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Has	seismicity	in	OK	changed	over	time?

YES!	Dramatically!	
For	1973-2008	(~35	years),	only	846	earthquakes	in	Oklahoma

For	2009-2016	(~7	years),	6195	earthquakes	(and	larger	ones	too!)

1973-2008 2009-2016



Human	Impacts

Human activities have altered the biosphere, sometimes
damaging it, although changes to environments can have
different impacts for different living things. Activities and
technologies can be engineered to reduce people's impacts
on Earth.



Could	small	induced	earthquakes	relieve	stress	
on	a	fault,	and	therefore	be	a	good	thing?	

J.	Healy	and	B.	Raleigh	
at	Rangely Seismic	Experiment	site

Photo:	USGS
Induced	earthquakes	at	

the
Rocky	Mountain	Arsenal	
in	1966	caused	damage	to	

an	overpass



Could	there	be	other	potential	environmental	
impacts	of	fracking besides	quakes?

From	Howarth et	al.,	Nature,	2011



In	what	ways	might	hydraulic	fracturing	
influence	earthquake	occurrence?

Skoumal et	al.,	2015Poland	Township,	OH



How	might	engineering	and/or	technology	affect	
humans	causing	earthquakes?



Solidify	individual	learning



Can Humans Cause Earthquakes? An Argument Driven 
Inquiry Lesson to Target 3D-NGSS-Learning 

 
Explicit and Reflective Discussion Guide v1.0 

 
ESS3A Natural Resources 
• 6-8. Humans depend on Earth's land, ocean, atmosphere, and biosphere for different 

resources, many of which are limited or not renewable. Resources are distributed 
unevenly around the planet as a result of past geologic processes. 

 
Discussion question(s): 
Where does natural gas come from? 
Why is there natural gas in OK? 
Why do we need to use high-volume hydrolic fracturing to extract the natural gas in OK (or other 
tight shales)? 
 
ESS3B Natural Hazards 
• 6-8. Some natural hazards, such as volcanic eruptions and severe weather, are preceded by 

phenomena that allow for reliable predictions. Others, such as earthquakes, occur 
suddenly and with no notice, and thus they are not yet predictable. However, mapping 
the history of natural hazards in a region, combined with an understanding of related 
geological forces can help forecast the locations and likelihoods of future events. 

	  
Discussion question(s): 
What is an earthquake? And what processes cause quakes to occur naturally? 
Where do most earthquakes occur?  
How can we use past seismicity to contribute to forecasting? Prediction? 
Has seismicity in OK changed over time? 
 
ESS3C Human Impacts on Earth Systems	  
• 6-8. Human activities have altered the biosphere, sometimes damaging it, although changes 

to environments can have different impacts for different living things. Activities and 
technologies can be engineered to reduce people's impacts on Earth. 

	  
Discussion question(s): 
Is induced seismicity always a bad thing? Or in what ways could induced seismicity be a good 
thing?  
Could there be other potential environmental impacts of fracking besides quakes? 
In what ways might unconventional gas production influence earthquake occurrence? 
How might engineering and/or technology affect humans causing earthquakes?  
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ADI Earth Science Lab Investigation:  
Can humans cause earthquakes? v2.0 

 

 
Introduction 
On Saturday, September 3, 2016, Oklahoma 
experienced the largest earthquake ever 
recorded in the state. A M5.8 earthquake 
occurred approximately 9 miles (15 km) 
northwest of the town of Pawnee, Oklahoma. 
Residents within 30 miles of the epicenter 
experienced moderate to strong shaking, which 
damaged roads, broke windows, and damaged 
masonry on residences and historical buildings. 
In fact, the quake was large enough that many in 
the neighboring states of Texas, Arkansas, 
Kansas and Missouri also felt the earthquake.  
 
While Oklahoma is not a region of the country 
that we traditional think of as having a 
significant earthquake hazard, earthquakes 
have occurred there in the past. For instance, this earthquake is only the largest in a sequence of 
earthquakes that began in 2009. However, this earthquake is interesting because it is the largest quake 
ever recorded in modern times in Oklahoma. Moreover, it punctuates reports from residents of northwest 
Oklahoma that the number of earthquakes they feel seem to be increasing rapidly. What could be going 
on? Could these earthquakes be the result of the effort to extract natural gas from Oklahoma that also 
increased in 2009? 

 
Natural Gas Extraction in Oklahoma 
The process of removing hydrocarbons from 
Earth’s crust has become an essential activity for 
humankind. However, major challenges arise 
during oil and gas production that have the 
potential to affect the natural and built 
environments in a variety of ways.  
 
One newer approach is known as the production of 
unconventional gas resources, through a 
process known as high volume-hydraulic fracturing 
(“hydrofracking”). Hydrofracking involves injecting 
large volumes of water (3-5 million gallons/well), 
sand and chemicals into the rock under high 
pressure to create cracks through which the gas 
may escape the rock formation and then be 
collected. Hydrofracking most commonly takes 
place in gas fields found in shales. 

Figure 1. The sandstone façade of this 100 year old historic 
building in Pawnee, Oklahoma was damaged due to a magnitude 
5.8 earthquake that occurred nearby on Saturday, September 3, 
2016. (Photo: Oklahoma Channel 9 News)  
 

Figure 2. Illustration of the water cycle of hydraulic fracturing 
(Environmental Protection Agency). 
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In addition, water is also trapped in the same pore space as oil and natural gas and is recovered during 
conventional oil and gas production. In some places, this flowback water is estimated to be between 9 to 

35% of the water injected into the 
well. This suggests that between 
387,000 gallons and 1,505,000 
gallons of fluid will return to the 
surface. The disposal of naturally 
produced water and/or hydraulic 
fracture fluid presents major 
challenges, since the wastewater 
is frequently injected back into 
Earth’s crust.  

Some states, such as Oklahoma 
and Ohio, allow hydrofracking and 
wastewater injection, while other 
states such as Pennsylvania, allow 
hydrofracking but require 
wastewater to be transported out 
of state for disposal. In Oklahoma, 
hydrofrac fluid represents only 10% 
or less of the fluids disposed of in 

wastewater injection wells [Murray, 2013; Rubinstein and Mahani, 2015]. 

The Task  
Collect evidence to support or refute the claim that the unconventional gas production process in Oklahoma 
has resulted in an increase in earthquakes within the state. Then, explain a mechanism by which this 
process could alter the natural occurrence of earthquakes. The guiding question of this investigation is 
“How could oil and natural gas production in Oklahoma alter the rate and size of earthquakes in 
Oklahoma?” 
 
Before you can design and carry out your investigation, you must determine what type of data you need to 
collect, how you will collect it, and how will you analyze it. To help you make this determination, it will be 
useful to consider what type of data you need to collect. Think about the following questions: 
 

! What is an earthquake? 
! What processes cause earthquakes to occur naturally? 
! Has seismicity in Oklahoma changed over time? 
! In what ways might unconventional gas production influence earthquake occurrence?  

 
To determine how you will collect your data, think about the following questions: 
 

! Where might you find the sort of data you need to evaluate this question? 
! Are all online sources of data equal to one another? What might be some differences between 

sources? 
 
In order to determine how you will analyze your data think about the following questions: 
 

Figure 3. Diagram of a deep wastewater injection well and a production well.  
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! What will be the best way to display/visualize your data?  
! What are the benefits of averaging your data? 
! Could there be any value in not averaging your data?  
! Could past events be useful for describing the future?  

 
 
Materials. You may use your computer and the internet to collect data relevant to the investigation of 
earthquakes in Oklahoma. 
 
Investigation Proposal Required:   X  Yes  ☐  No 
 
Safety Precautions. Follow all normal lab safety rules.  
 
 
Getting Started. Before you can design and carry out your investigation, you must determine what type of 
data you will need to collect, how you will collect it, and how will you analyze it.  
 
Connections to Crosscutting Concepts and the Nature of Science and Scientific Inquiry. As you work 
through your investigation, be sure to think about: 
 

! Scientists ask and/or evaluate questions that challenge the premise(s) of an argument  
! How scientists identify inputs and outputs of systems 
! Ways that graphs, charts, and images can be used to identify patterns in data 
! How empirical evidence is required to differentiate between cause and correlation, and make 

claims about specific causes and effects 
! Ways the stability of a system might be disturbed either by sudden events or gradual changes that 

accumulate over time. 
 
Initial Argument. Once your group has finished collecting and 
analyzing your data, you will need to develop an initial argument. 
Your argument must include a claim. The claim is your answer to 
the guiding question. Your argument must also include evidence 
in support of your claim. The evidence is your analysis of the data 
and your interpretation of what the analysis means. Finally, you 
must include a justification of the evidence in your argument. You 
will therefore need to use a scientific concept or principle to 
explain why the evidence that you decided to use is relevant and 
important. You will create your initial argument on a whiteboard. 
Your whiteboard must include all the information shown in Figure 
4.  
 
Argumentation Session. The argumentation session allows all of the groups to share their arguments. 
One member of each group will stay at the lab station to share that group’s argument, while the other 
members of the group go to the other lab stations to listen to and critique the other arguments. The goal of 
the argumentation session is not to convince others that your argument is the best one. Rather, the goal is 
to identify errors or instances of faulty reasoning in the initial arguments so these mistakes can be fixed.  
You will therefore need to evaluate the content of the claim, the quality of the evidence used to support the 

Figure 4. Argument Presentation on a 
Whiteboard 
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claim, and the strength of the justification of the evidence included each argument that you see. In order to 
critique an argument, you might need more information than what is included on the whiteboard. You might  
need to ask the presenter one or more follow up questions such as: 
 

! How did your group collect the data? Why did you use that method? 
! What did your group do to make sure the data you collected are reliable? What did you do to 

decrease measurement error? 
! What did your group do to analyze the data, and why did you decide to do it that way? What did 

you do to make sure that your calculations are correct? 
! Is that the only way to interpret the results of your group’s analysis? How do you know that your 

interpretation of the analysis is appropriate? 
! Why did your group decide to present your evidence in that manner? 
! What other claims did your group discuss before deciding on that one? Why did you abandon 

those alternative ideas? 
! How confident are you that your group’s claim is valid? What could you do to increase your 

confidence? 
 
Once the argumentation session is complete, you will have a chance to meet with your group and revise 
your original argument. Your group might need to gather more data or design a way to test one or more 
alternative claims as part of this process. Remember, your goal at this stage of the investigation is to 
develop the most valid or acceptable answer to the research question! 
 
 
Report. Once you have completed your research, you will need to prepare an investigation report that 
consists of three (3) sections. Each section should provide an answer for the following questions:  
 

1. What question were you trying to answer and why?  
2. What did you do during your investigation and why did you conduct your investigation in this way?  
3. What is your argument? 

 
Your report should answer these questions in two (2) pages or less. This report must be typed and any 
diagrams, figures, or tables should be embedded into the document. Be sure to write in a persuasive style; 
you are trying to convince others that your claim is acceptable or valid! 
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Version 2 – Last update 11/28/16 
 
Question: Does hydrofracking cause earthquakes in Oklahoma? 
 
Evidence – Part I 
For the given region - 11/01/1973 – 12/31/2008  (~35 Years) there were 846 
earthquakes. The magnitude range for these quakes was M2.5 to M5. 
 

 
 
 
 
 
 
 

http://bit.ly/OK_Pre_Gas_Boom 
 
Evidence – Part II 
For the given region - 01/01/2009 – Present (~7 Years) there were 6195 earthquakes. 
The magnitude range for these quakes was M0.8 to M5.8 
 

Can Humans Cause Earthquakes: An Argument 
Driven Inquiry Lesson to Target 3D-NGSS-Learning 

Earthquakes from 11/01/1973 – 12/31/2008  (~35 Years)  
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http://bit.ly/OK_Gas_Boom  
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Evidence - Part III 
 
Locations of Hydrofracked wells in Oklahoma from 2009 to 2012 
https://www.iris.edu/hq/inclass/lesson/induced_seismicity_hydraulic_fracturing_wastewa
ter_injection_and_earthquakes  
 

Hydrofracked well 
sites from 2009 to 
2012 

Earthquakes from 
2009 to Present 
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Evidence - Part IV 
 
Locations of deep injection wells of wastewater in Oklahoma from 2010 to 2012 
https://www.iris.edu/hq/inclass/lesson/induced_seismicity_hydraulic_fracturing_wastewa
ter_injection_and_earthquakes  
 

 

 
 

Earthquakes from 
2009 to Present 

Wastewater 
Injection wells from 
2010 - 2012 
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Evidence Part V  
Oklahoma population density based on 2010 census data  
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Evidence Part VI 
Mapped faults in East Oklahoma 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: 
http://www.ou.edu/content/ogs/data/fault.html 
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Mapped faults in West Oklahoma 
 

 

Source: 
http://www.ou.edu/content/ogs/data/fault.html 
 
 
 
 
 
 
 
 



	  
	  	  	  	  	  	  	  	  	  	  	  

All rights reserved. This material may not be published, 
broadcast, rewritten or redistributed in whole or part with out 
the express written permission from Victor Sampson, LLC. 

Stages of Argument-Driven Inquiry 
 

 



The development of this investigation proposal was supported by the Institute of Education Sciences, U.S. Department of Education, through Grant R305A100909 to the Florida State University. The format of the proposal is modeled after a hypothetical deductive-reasoning guide described in Exploring the Living World 
(Lawson 1995) and modified from an investigation guide described in Macquire, Myerowitz, & Sampson (2010). 

ADI Laboratory Investigation Proposal A 
 

The Guiding Question…  
 

   

Hypothesis 1  Hypothesis 2 
IF…  IF… 

     
  The Test   
AND…     

What data will you collect? 
 

How will you analyze the data? 

Procedure  

What safety precautions will you follow? 

   

Predicted Result if hypothesis 1 is valid  Predicted Result if hypothesis 2 is valid 
THEN…  THEN… 

   

The Actual 
Results 

AND… 
 

 
 

   I approve of this investigation. Instructor’s Signature  Date 
 



The development of this investigation proposal was supported by the Institute of Education Sciences, U.S. Department of Education, through Grant R305A100909 to the Florida State University. 

ADI Laboratory Investigation Proposal C 
 

The Guiding 
Question… 

 
 

  

What data will 
you collect? 

 
 
 
 
 

  

How will you 
collect your 

data? 

 

Your Procedure 
 
 
 
 
 
 

 

What safety precaution will you follow? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

How will you 
analyze your 

data? 

 

  

Your actual 
data 

 
 
 
 
 
 
 
 
 

 
 

   I approve of this investigation. Instructor’s Signature  Date 
 



Monday,	December	12	
	

3:30	–	5:30	Optional	Field	Trip	–	A	Ramble	through	San	Francisco's	Geology–	Dr.	John	
Karachewski	(EPA)	-	meet	in	lobby	of	Marriot	Marquis	near	luggage	check-in	/	concierge.	

	

Discover	interesting	geologic	tales	on	our	two-hour	and	two-mile	walk	from	Pier	14	along	the	
margins	of	San	Francisco	Bay	back	to	the	Moscone	Center.	We	will	walk	along	Market	Street	for	
0.4	miles	on	artificial	fill	before	reaching	the	1848	shoreline	of	San	Francisco	Bay	just	before	the	
start	of	the	gold	rush.	In	addition,	learn	about	the	historical	ecology	of	downtown	and	view	
buildings	constructed	with	a	variety	of	igneous,	metamorphic,	and	sedimentary	rocks.	We	will	
also	discuss	plate	tectonics,	glacial	cycles,	and	the	1906	and	1989	earthquakes.	

Dr.	John	Karachewski	is	a	geologist	for	the	California-EPA	in	
Berkeley.	John	received	a	doctorate	in	geology	and	has	
conducted	geology	and	environmental	projects	throughout	the	
western	US	from	Colorado	to	Alaska	to	Midway	Island	and	
throughout	California.	Doris	Sloan	and	John	collaborated	on	a	
popular	book	about	the	“Geology	of	the	San	Francisco	Bay	
Region.	

	



Tuesday,	December	13	

8:10	–	9:40	Climate	Detectives:	Solving	a	Climate	Mystery	on	the	JOIDES	Resolution–	Dr.	Sean	
Gulick	(UT-	Austin),	Alison	Mote	(UT-	Austin),	Sharon	Cooper	(Lamont-	Doherty	Earth	
Observatory),	and	Dr.	Katherine	Elliins	(UT-	Austin).	

	



	
	

Climate	Detectives	Team	
	
Sean	Gulick,	PhD	
Research	Professor	
Institute	for	Geophysics,	Jackson	School	of	Geosciences	
The	University	of	Texas	at	Austin	

	

Sean	is	interested	in	tectonic-climate	interactions,	the	role	of	
catastrophism	in	the	geologic	record	and	marine	geophysical	imaging	at	
nested	resolutions.	His	current	projects	include	tectonic	and	climate	
interactions	in	the	St.	Elias	Mountains	and	Surveyor	submarine	fan,	
geohazards	and	margin	evolution	of	subduction	and	transform	faulting	in	
Alaska,	Sumatra,	and	Japan,	and	the	geologic	processes	and	environmental	
effects	of	the	Cretaceous-Paleogene	Chicxulub	meteor	impact.	

Alison	Mote,	M.S.	
Geoscience	Course	Coordinator	
OnRamps	Dual	Enrollment	Program,	Office	of	Strategy	and	Policy	
The	University	of	Texas	at	Austin	
	

Prior	to	working	with	the	OnRamps	program	at	UT,	Alison	served	as	a	
public	school	educator	for	9	years,	most	recently	at	the	Ann	Richards	
School	for	Young	Women	Leaders	in	Austin,	TX.	With	a	passion	for	
geoscience	and	education,	Alison	often	integrated	concepts	related	to	
earth	sciences	into	her	Physics	and	Chemistry	courses,	and	also	taught	
AP	Environmental	Science	and	OnRamps	Geoscience.	The	EarthLabs	
Climate	Detectives	module	was	born	from	her	experience	as	an	
Education	Officer	on	board	Expedition	341	with	the	JOIDES	Resolution.	

In	her	current	role	at	UT,	Alison	works	on	curriculum	development	and	provides	support	and	
training	to	OnRamps	Geoscience	instructors	across	the	state	of	Texas.																		
	
Sharon	Cooper	
Manager,	Education	and	Outreach,		
International	Ocean	Discovery	Program	(IODP)	
Lamont-Doherty	Earth	Observatory	
	

Sharon	is	the	manager	of	Education	and	Outreach	for	the	
International	Ocean	Discovery	Program	(IODP),	where	she	
develops	and	oversees	a	wide	range	of	programs	designed	to	get	
out	the	word	about	the	exciting	and	groundbreaking	science	
being	uncovered	by	the	scientific	drilling	program.	These	include	
the	Onboard	Education	and	Outreach	program	and	the	School	of	
Rock,	through	which	we	place	educators	on	expeditions	of	the	
scientific	drilling	vessel,	JOIDES	Resolution.	
	
	



	
	
	
	
	
Kathy	Ellins,	PhD	
Program	Director	of	Geoscience	Education	
Office	of	Outreach	and	Diversity,	Jackson	School	of	Geosciences		
The	University	of	Texas	at	Austin	
Fulbright	Scholar	

Kathy	 is	 a	 geoscience	 educator	 who	 strives	 to	 improve	 science	
learning	 and	 to	 reach	 the	 public	 through:	 (1)	 curriculum	
development	 for	 the	 Earth/ocean/climate	 sciences;	 (2)	 teacher	
professional	development;	(3)	multi-institutional	collaboration	to	
promote	 diversity	 in	 the	 geosciences	 at	 the	 K-12	 and	
undergraduate	 levels;	 and	 (4)	 interdisciplinary	 projects	 that	
explore	the	intersection	between	geoscience	and	the	visual	arts.		

	



Climate Detectives: Solving a Climate Mystery on 
the JOIDES Resolution

AGU GIFT Workshop, December 13th, 2016
8:10 am – 9:40 am

Dr. Sean Gulick, University of Texas at Austin, Jackson 
School of Geosciences
Alison Mote, University of Texas at Austin, OnRamps Dual 
Enrollment Program
Sharon Cooper, Lamont-Doherty Earth Observatory
Dr. Kathy Ellins, University of Texas at Austin, Jackson 
School of Geosciences



DIG Texas Instructional Blueprints for Teaching 
Earth And Space Science
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EarthLabs Climate Project



Blueprint: A Coherent Pathway for an Entire 
Earth Science Course (27 - 30 weeks)

Stratigraphi
c Principles

EARTH AND 
SPACE SCIENCE 
TEKS

NEXT GENERATION 
SCIENCE STANDARDS

Use authentic data
Focus on inquiry and 
process of science 
(SEPs)

Teach 21st Century skills – use of technology, 
collaboration, problem-solving, cultural 
competency

Plate 
Tectonics





http://serc.carleton.edu/dig_blueprints/units/document_past_climate.html



Alison Mote
Education Officer IODP Expedition 341



The Challenge

• You are a young scientist with a passion for understanding 
how Earth’s climate has changed over the past 7 million 
years. To help with your research you will join an 
international team of scientists and crew on the drillship, 
the Joides Resolution, and spend a summer at sea in the 
Gulf of Alaska collecting sediment cores from beneath the 
seafloor.  

• This modern-day expedition (IODP Expedition 341) will 
help you answer a series of questions about about past 
climate in the region.



Using a section of Core U1417B  students work in 
teams to analyze different types of data to 
answer the following questions: 

1 Change Over Time. How have environmental conditions in 
in the Gulf of Alaska changed during the time when the 
sediments in this section of core were deposited?

2 Glacial Cycles. What does the occurrence of different types 
of diatoms (plants) and their abundance in the core reveal 
about the timing of the cycles of the advance and retreat of  
glaciation?

3 Measurement of Time. What is the timeline represented by 
the section of core you are investigating and how do we 
know?



To answer these questions and satisfy the 
challenge, students … 

1. Gather background information about
§ the goals of the expedition

§ the ship, labs, and drilling/ coring technology
§ the scientists, engineers and crew, their special expertise and how 

they collaborate

2. Obtain knowledge about tectonic setting, glaciation, glacial 
cycles, marine sedimentation, ice rafted debris, geologic time, and 
proxy data

3. Conduct investigations, using data and evidence that give 
clues about past climate

4. Construct answers to the challenge 
5. Communicate results



Lab 2: Coring is Not Boring

A - Build a Model Drill



http://serc.carleton.edu/earthlabs/climatedetectives/index.html

Sean Gulick, 
UTIG, UT AustinLeah Schneider 

LeVay,  IODP 
TAMU

John Jaeger, U. of 
Florida,  USAC Chair



Co-Chief Sean Gulick



Climate	Detectives:	Solving	a	Climate	
Mystery	on	the	JOIDES	Resolution	

Dr.	Sean	Gulick	(UT- Austin),	Alison	Mote	(UT- Austin),	
Sharon	Cooper	(Lamont- Doherty	Earth	Observatory),	and	

Dr.	Katherine	Ellins (UT- Austin)
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Hypothesis
-Mountain building fundamentally altered 
by erosion resulting in a measurable 
tectonic response and a

significantly

increased 

sediment flux

to the ocean

basins

6
After	Roe	et	al.	(2007)



Gulick	et	al.,	Geology,	2013
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CORE	ON	DECK!



IODP	
Expedition	
341:	Gulf	
of	Alaska

Gulick	et	al.,	PNAS,	submitted



Morey et al., in prep; modified from Jaeger et al., Exp Rpts, 2014
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Morey et al. in prep; modified from Gulick et al., 2015
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Conclusions
Erosion	accelerated	in	response	to	Northern	Hemisphere	glacial	intensification	(∼2.7	Ma)	
and	that	the	900-km	long	Surveyor	Channel	inception	appears	to	correlate	with	this	event.	
However,	tectonic	influx	exceeded	integrated	sediment	efflux	over	the	interval	2.8-1.2	Ma.	
Volumetric	erosion	accelerated	following	the	onset	of	quasi-periodic	(∼100-kyr)	glacial	
cycles	in	the	mid-Pleistocene	climate	transition	(1.2-0.7	Ma).	Since	then	erosion	and	
transport	of	material	out	of	the	orogen	has	outpaced	tectonic	influx	by	50-80%.	

Significance
In	coastal	Alaska	and	the	St.	Elias	orogen,	over	the	past	1.2	million	years	integrated	erosion	
has	outpaced	plate	tectonic	mountain	building.	This	finding	underscores	the	power	of	
climate	in	driving	erosion	rates,	the	potential	for	feedback	mechanisms	linking	climate,	
erosion,	and	tectonics,	and	the	complex	nature	of	climate-tectonic	coupling	in	transient	
responses	toward	longer-term	dynamic	equilibration	of	landscapes	with	ever-changing	
environments.	
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Climate Detectives: Module Overview

 serc.carleton.edu /earthlabs/climatedetectives/index.html

Dr. Sean Gulick, Jackson School of Geosciences, UT Austin (sean@ig.utexas.edu)
Alison Mote, OnRamps Dual Enrollment Program, UT Austin (alison.mote@austin.utexas.edu) 
Sharon Cooper, Lamont-Doherty Earth Observatory (scooper@ldeo.columbia.edu)
Dr. Katherine Ellins, Jackson School of Geosciences, UT Austin (kellins@jsg.utexas.edu)

This lab activity was developed by Jeff Lockwood of TERC and Alison Mote of the University of Texas at Austin 
for the EarthLabs project. Special thanks to Dr. Tamara Ledley, EarthLabs PI, TERC; and Nick Haddad, 
EarthLabs Project Director, TERC; Dr. Katherine Ellins, UT Austin; Sharon Cooper, IODP; Expedition 341 Chief 
Scientists Dr. Sean Gulick (UT Austin) and Dr. John Jaeger (University of Florida), and the Expedition 341 
Science Party. 

Why teach about past climate?
Earth's climate has changed, sometimes dramatically, in the past. If you had lived on the island of Manhattan about 
20,000 years ago, you would have found yourself living during an ice age. You would see nothing but an expanse of 
ice as you pitch your tent on a 4,000-foot thick slab of ice that covers the island and extends for miles in all 
directions. But what does it matter? Why is it important to understand Earth's climate history?

Understanding the influence of humans on the climate system
The paleoclimatic record also allows us to examine the causes of past climate change. Looking into Earth's climate
history can help scientists determine how much of the 20th century warming may be explained by natural causes,
such as solar variability, and how much may be explained by human influences.

Improving the ability of climate models to simulate future climate change
Most state of the art climate prediction is accomplished using large sophisticated computer models of the climate
system. A great deal of research has been focused on ensuring that these models can simulate most aspects of the
modern, present-day, climate. It is also important to know how these same models simulate climate change. This
can be accomplished by comparing simulations of past climate change with observations from paleoclimatic
records. So in a real sense, paleoclimatology helps us improve the ability of computer models predict what future
changes in climate we might expect.

The following text is excerpted from the EarthLabs website:

1

Pedagogical Approach
The Climate Detectives module takes a challenge-based approach to learning about the earth's past climate. 
Learners are presented with a set of research questions and are challenged to explore and investigate these 
questions as members of the Expedition 341 science party onboard the JOIDES Resolution (see challenge on 
p.3). In the process, students learn about careers in geoscience, engineering, and related fields and explore
the nature of scientific discovery through the lens of the International Ocean Discovery Program (IODP). This 
challenge-based approach ties into the Next Generation Science Standards Performance Expectations in a 
variety of ways. For more information on the NGSS connections, visit the Educator Information pages, which 
outline the Engineering Practices and Crosscutting Concepts for each lab. 

The R/V JOIDES Resolution (above) 
has state of the art research 
laboratories and collects sediment 
cores from all over the world to 
learn about earth processes.

Acknowledgements

Presenters

http://serc.carleton.edu/earthlabs/climatedetectives/index.html
http://serc.carleton.edu/eslabs/climatedetectives/index.html
http://serc.carleton.edu/eslabs/climatedetectives/index.html
http://serc.carleton.edu/earthlabs/climatedetectives/lab1.html


The ultimate question for students regarding events that have occurred throughout the Earth's history is "How do we
know?" Students will discover how we know what we know about the Earth's past climate through a series of
learning activities in which they will work collaboratively, mimicking scientific research groups on the JOIDES
Resolution. Using data collected from Expedition 341, students will explore how climatic changes are recorded in
the rock record, learn about careers associated with the IODP, and gain an appreciation for the ocean drilling
process, and data collection methods. Ultimately, students will assume the role of scientists on board the JOIDES
Resolution as they support their ideas with evidence.

In this unit, students analyze sediment cores and search for clues about Earth's past climate history. Every effort
has been made to have students experience what it's like to join a scientific expedition and work collaboratively to do
an investigation that focuses on uncovering clues to past climate change. They travel along with a group of
scientists who extracted sediment cores from several locations along the south coast of Alaska in the summer of
2013. Students conduct hands-on lab activities, watch videos, analyze the actual data from the expedition, consult
maps and graphs, explore online interactives, all of which will help them gather evidence to determine when major
climate events occurred in the past, and how these events connect with changes in climate today, and in the future.

Key Questions addressed by this module include:

What are some of the specific types of evidence that scientists gather as they examine marine sediment
cores?

What Earth processes combine to produce sequences of sediments on the ocean floor?

Why is it important to understand climate history?

How does the advance and retreat of glaciers affect rates of deposition and other Earth processes?

What are climate cycles and what causes them?

What is proxy data and how is it used to reveal past climate history?

Before starting this module

1. Read the Lab Overviews section, which identifies all of the materials you'll need to gather and provides a
quick scope and sequence of the unit.

2. If you have not already done so, please read the Climate Series Introduction.

Assessments

Several options for assessing student understanding are provided throughout this module. Stop and Think
questions can be used to assess student understanding at key points within each lab. These questions are available
on the Instructor Page for each lab, under the Printable Materials heading. Short written tests to assess student
understanding of material covered by each lab can be found on the corresponding Instructor Pages, under the
Assessment heading. A full list of lab-level assessments as well as a cumulative end-of-module test can also be
found on the Assessments page.

Why use this set of lessons?
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The Challenge 
You are a young scientist with a passion for understanding how the Earth's climate 
has changed over the past 7 million years. To help with your research you will 
board the JOIDES Resolution to spend a summer at sea in the Gulf of Alaska 
collecting sediments from beneath the ocean floor with an international team of 
scientists and crew. This modern day expedition will help you answer a series of 
questions about what the climatic conditions on Earth were like millions of years 
ago. 

Using a section of sediment core from Expedition 341, you will work 
collaboratively with members of the science party (in reality, party = team) and use 
different types of science data from the expedition to answer the following 
questions related to past climate in south Alaska: 

• What is the present geologic setting in this region?
• How have environmental conditions in in the Gulf of Alaska changed during the

time when the sediments in this core were deposited? 
• What does the presence of types of diatoms (plants) and their abundance in the

core reveal about the timing of the cycles of the advance and retreat of 
glaciers and ice sheets? 

• What is the timeline represented by this section of sediment core?

And, as a team you'll need to develop background knowledge in several key areas. 
Over the next two weeks (7 hours for the workshop!) you will conduct a number of 
investigations and work alongside Joides Resolution scientists to learn: 

• How scientists from many different countries and with different expertise
collaborate as a team to examine a science problem. 

• How sedimentary cores are retrieved from beneath the seafloor.
• What kinds of information can be extracted from the features of sediment cores

to give clues to climate change. 
• About the different types of data, including proxy data, used to detect changes in

Earth's climate. 
• Methods used to determine when changes in climate occurred in sediment cores.

Well, grab your gear and get ready to board the Joides Resolution for a voyage of 
discovery. What will you and your collaborators uncover about dynamic changes 
in our past climate and what caused those changes? 

3



2A: Building a Model Core Drill
 serc.carleton.edu /eslabs/climatedetectives/2a.html

Coring Is Not Boring!

How Does the JOIDES Resolution Obtain Sediment Cores?

The JOIDES Resolution is one of the premier science research vessels in the world. Unlike other ocean-going ships,
it is outfitted with a huge 62 meter tall derrick to support its core drilling function. When the JOIDES Resolution
reaches the drilling site, the crew keeps the vessel over the precise location of the site using 12 computer-controlled
thrusters as well as a main propulsion system. When assembled, the rig can suspend up to 9,150 m (over 5.5
miles!) of drill pipe in ocean depths as great as 8,235 m (about 5 miles).

Watch JR in a Minute: The Derrick

The JOIDES Resolution is a very big ship. It measures 471 feet long by 70 feet wide. It has travelled over 67,000
miles and has recovered almost 7,000 individual cores. Source: IODP

Near the center of the research vessel is the "moon pool," a 7m (23 ft.) wide hole through which the assembled
string of drilling pipe is lowered into the ocean. Each piece of pipe is about 28 m (93 ft.) and weighs about 874 kg
(1925 lb.). A massive drill bit is affixed to the end of the first piece of pipe.

4
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Workers feed pipe down a hole in the center of the moon pool. Source: IODP

The drill crew uses the draw works to thread each piece of pipe together to form the drill string. After they have
assembled the string, which can be up to six miles in length, it is lowered through to depths ranging from a 100 to
thousands of meters of ocean water over a period of twelve hours. To core through the seafloor, the crew uses a
motorized system to rotate the entire drill string. The thrusters keep the massive vessel itself from rotating along with
the drill pipe. This ship moves to several sites during each expedition and drills operate continuously once in place.

Watch JR in a Minute: Core Drilling

5
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Pieces of pipe are stitched together and then are lowered to the ocean bottom. Source IODP

The drill crew can use two different types of drills to bring up cores. If the sediment layers are fine grained (mud) or
sand, a piston corer is used. It uses a piston-like action to shoot the hollow drill pipe through the layers of sediment
in a matter of seconds. The pipe, now filled with sediment is then slowly brought up to the surface. On the other
hand, if the crew has to drill through denser sediments or layers of rock, a rotary core barrel is used. The drill string
has a bit and outer core barrel attached to it. The bit rotates with the drill string while the inner core barrel stays
remains stationary. The bit trims a 2.3 meter core. When the inner barrel holds about 10 m of core, it is brought to
the surface.

The piston core drill collects 100 m of sediment in a single thrust. Source IODP

The rotary core barrel drill slowly cuts its way through dense sediment or rock. Source IODP
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Part A - Build a Model Drill

In this part of the activity, you will build a simple model of the
JOIDES Resolution coring apparatus. Your goal is to
recover a core sample from a model of the ocean floor
composed of different layers of clay. The following are the
materials you will use to build your model:

Popsicle sticks

Small binder clamps

Spool of thread

Clear straws

Transparent tape

Rubber bands

PlayDoh

A model of sediments on the ocean floor (see your
teacher)

1. Look at the animation called Explanation of Deep Sea
Coring. It illustrates how cores are gathered by the JOIDES
Resolution.

2. Your model will also use a hollow pipe or tube (clear
straw) to sample the sedimentary layers at the test site.
Instead of using the force of pressurized water to force your
coring device through the sediment, you will use extra
weight(s) on your coring drill to sample at least two layers.
You are not allowed to lower or push your coring apparatus
down into the sediment layers by hand. In this model, your
device represents the coring drill on the JOIDES Resolution,
the foot of air it passes through represents the ocean, and
the PlayDoh layers at the test site represents the sediment layers the expedition will explore at each of the sites it
visits.

3. Brainstorm and Design - Look at the materials you were given to build the drill.

How will you construct a frame to surround the "moon pool" opening on the deck of the ship?

How will you assemble a series of pipes to send the drill to the bottom of the ocean floor (PlayDoh)?

How will you lower the drill through the ocean (air) and penetrate the sedimentary layers (PlayDoh)?

4. Build - Use the materials provided to build a device that can lower a drill string and take a core sample of at least
two layers below. If you have difficulty in the design process, see your teacher for a picture of a sample model.

Lab Procedure
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4. Obtain a small amount of two different colors of PlayDoh. Knead the clay into two flat disks about 10 cm across.
Place the two layers on top of each other.

5. Test and Evaluate - Position your drill about 1 foot
above the two layers. Release the drill. Watch how it
interacts with the PlayDoh layers.

· Did your drill penetrate to the bottom of all the layers?

· Did your drill capture a core sample?

6. Make several other trials and think of changes that you
can make to make your drill more efficient at taking cores
samples.

7. You may have found that your prototype needs a
redesign. Remember that the design process is all about "If
at first you don't succeed, then try, try again." Study any
problems and then redesign.

8. Final Test – Your teacher will show you the testing area
and instruct your group where your core should be taken.
You will add your core to the rest of those gathered from
other groups to determine what lies under the surface of this
model seabed.

9. Analyze Results – Your teacher will assemble the class
results. As a class, answer the following questions.

Stop and Think

1. How many sedimentary layers (called strata distinct
horizontal layers in geological deposits. Each layer may
differ from adjacent layers in terms of texture, grain size,
chemical composition, or other geological criteria. ) are
present in the test area?

2. Trace out the approximate outline of the second layer (called a lens of sedimentary material) with a dotted line on
a separate piece of paper. Use the coordinates of the test area to sketch the layer in as close to true scale as you
can.

3. Assuming that the test area sediment layers were laid down by a river emptying into a bay or ocean, what kind of
event in the Earth system might be responsible for depositing the lens of material?

4. If the PlayDoh layers were replaced by a stack of graham crackers, how would have to modify the design of your
drill?

Part B - Test, Evaluate, and Redesign

Now that you have built an initial model drill, you will need to test your drill's effectiveness in drilling though several
layers of sediment (PlayDoh).

8
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1. Geologists usually construct a cross-section of rock strata to help them understand the rock record, the geologic
history of a region.

Cross sections of strata show both rock type (letters or symbols) and their orientation and relationship with layers

above or below. In this drawing, a fault is shown displacing the layers on the right side of the diagram. Source: 

TERC

You can draw a cross section of the layers in your PlayDoh model by making a set of measurements, and then
drawing a graph.

Note: Your core sections must be taken along a straight line across the PlayDoh.

Going Further

Draw a Cross Section of Sediment Beds 

Procedure
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1. Mark 4 or 5 possible drilling sites aligned across the PlayDoh sediment beds. The left edge of the beds

represents O on the distance scale. 

2. Measure the distance (in mm) of the core sample positions, starting with zero on the right hand. Record in a table.

3. For each core site/position, measure the thickness of each colored clay layer. Record these numbers. Also note
the total thickness of layers at each site. Note: You may want to multiply these numbers by 10 to make them easier
to plot.

4. Since you are drawing a picture of what lies below the surface, draw a horizontal line on a set of axes near the top
of the graph.

5. Label the x-axis "Distance (mm)" and number it (using equal increments) from 0 to your the value of the location
of your last drilling site.

6. Label the y-axis "Depth (mm)" and number it from 0 (the surface) to the maximum thickness of sediment at your
coring sites.

7. At site 1 on your graph, mark the thickness of layers beginning at the top (surface) toward the x-axis. Remember
to measure the second layer thickness from the bottom of the first layer and so on. Repeat for each site.

8. Draw a line that connects each point at the bottom of layer 1, layer 2, and so on.

9. Color in each of the layers to produce a finished diagram. Compare your results with others from your class.
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Stop	  and	  Think	  Questions	  Lab	  2:	  Coring	  Is	  Not	  Boring!	  

Part	  A	  –	  Building	  a	  Model	  Core	  Drill	  

1. How many sedimentary layers (called strata) are present in the test area?

2. Trace out the approximate outline of the second layer (called a lens of sedimentary material) with a
dotted line on a separate piece of paper. Use the coordinates of the test area to sketch the layer in as close to 
true scale as you can. 

3. Assuming that the test area sediment layers were laid down by a river emptying into a bay or ocean, what
kind of event in the Earth system might be responsible for depositing the lens of material? 

4. If the Playdoh layers were replaced by a stack of graham crackers, how would have to modify the design
of your drill? 

11
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Images   of   a   Changing   Planet:   Using   Remote   Sensing   Data   and   Images   to   Investigate 
Land   Surface   Changes 

Aida   Awad,   John   Bailey,   Peder   Nelson,   Ed   Robeck,   Susan   Sullivan 
 
Participants   in   this   session   will   need   both   a    laptop    and    mobile    device   in   order   to   fully 
partake   in   all   activities   offered.   It   is   requested   that   participants   download   and   install   the 
following   applications   prior   to   attending   the   workshop. 
 
 
LAPTOP 
 
Google   Earth   Pro 

 
Please   note   that   there   are   several   versions   of   Google   Earth.   For   this   GIFT 
workshop   we   will   be   using   Google   Earth   Pro.   To   install   the   correct   version 
follow   the   instructions   below. 
 
 

(1) Go   to    earth.google.com 
(2) At   the   landing   page,   click   on   “Explore”   within   the   Google   Earth   Pro   box   (see   red 

circle). 
 

 
Google   Earth   Landing   Page.   Note:   Background   image   changes   with   each   visit 

 

http://earth.google.com/


(3) Click   on    “Download   Google   Earth   Pro”    (see   red   circle).   You   may   need   to   scroll 
down   to   see   the   blue   download   button. 

 

 
 

(4) You   will   be   prompted   to   agree   to   the   terms   and   conditions,   and   allow   the   program 
to   make   changes   to   your   computer.   If   a   license   key   is   requested   use   any   email 
address   and   “GEPfree”   as   the   password. 

 
 
 
MOBILE 
 
Google   Cardboard 

 
 
 
Search   for   “Google   Cardboard”   in   the   App   Store   (iPhone)   or   Google   Play 
(Android).   The   app   will   be   identified   by   the   icon   like   the   image   on   the   left. 
 

 



Google   Street   View 
 
 
 
Search   for   “Google   Street   View”   in   the   App   Store   (iPhone)   or   Google   Play 
(Android).   The   app   will   be   identified   by   the   icon   shown   on   the   left. 
 
 
 
 

 
 
    Light   Meter   Apps  
 
You   will   also   find   a    light   meter   app    useful   to   have   on   a   smartphone,   tablet,   or   iPad.   There   are 
several   free   apps   that   will   work   in   the   App   Store   (iOS)   or   Google   Play   (Android).   You   only   need   a 
numerical   light   reading,   no   other   features   will   be   used.   Two   that   we   recommend   are: 
 

Lux   Camera   (iPhone   or   iPad)  Lux   Meter   (Android) 
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Introduction

Susan Sullivan & Aida Awad



 Ed  Susan  John

 Peder Aida



Using storylines to bundle PEs, CCCs, & 
practices

● Remote sensing data provide opportunities to explore land 
cover and land use changes. Tools like Google Earth, Street 
View and Expeditions are tools we can use to explore the Earth, 
make measurements, and predictions based on observations. 

● Using the tools and approaches teachers can design learning 
opportunities for their students that help them focus on the 
following NGSS big storylines, science and engineering 
practices, and crosscutting concepts.

● Qualitative and quantitative data may be collected and analyzed 
leading to the development of models explaining how 
processes change Earth’s surface over time and spatial scales, 
and create feedbacks that impact other systems.  



NGSS: DCIs, CCCs & Practices
● Metacognition encouraged!
● Using the matrix to document your thinking

Crosscutting Concepts Science & Engineering Practices Disciplinary Core Ideas

Patterns Asking questions ESS2: Earth’s Systems

Cause and effect Developing/using models Change over time

Scale, proportion, and quantity Planning/carrying out investigations Earth materials & systems
Roles of water in surface processes
Weather and climate

Systems and system models Analyzing/interpreting data ESS3: Earth and human activity

Energy and matter Using math and computational 
thinking

Human interactions with Earth Human 
impacts on Earth systems

Structure and function Constructing explanations Climate change

Stability and change Engaging in argument from evidence Natural hazards

Obtaining, evaluating, communicating 
information



Workshop Agenda

● Introductions to us & workshop

● Simulating satellite-based remote sensing 
using smart devices 

● Investigating land surface cover through 
satellite imagery

● Enhancing investigations with Google Street 
View and Expeditions 

● Wrap-up



Simulating 
Remote Sensing

Ed Robeck



Credit #1



Credit #2



Credit #3



Satellite-based Remote Sensing

Credit #4



Simulating Satellite-based Remote Sensing

https://science.nasa.gov/ems



Activity: Exploring Remote Sensing



 

Glacier
Yellowstone Photo Collection 

Mangrove Forest
SOFIA

Trees and Eroded Soil
Land Cover Assessment

Open Ocean
Northeast Fisheries Science Center 

Desert Rivers 
Earth Science World Image Bank
(image h4vfel: (c) Bruce Molnia)  

Sequence these images by predicted 
reading  (1=low, 6=high)

Volcanic Landscape
NASA Earth Observatory
 

Credit #5

a b c

d e f

https://www.nps.gov/features/yell/slidefile/geology/glacial/Outside%20Yellowstone%20Park/Page.htm
http://lca.usgs.gov/lca/theme5task7/results.php
http://sofia.usgs.gov/projects/gcc_impacts/photogallery.html
http://nefsc.noaa.gov/rcb/photogallery/pelagic.html
http://www.earthscienceworld.org/images/search/results.html?Category=$Category&Continent=$Continent&ImageID=h4vfel
http://earthobservatory.nasa.gov/IOTD/view.php?id=43859&eocn=image&eoci=moreiotd


Visualizing Remote 
Sensing Imagery Using 

Google Earth

Peder Nelson



● What is the need for Earth observing 
satellites? 

● What do they show us?

● What could your classroom contribute to the 
science of long term ecological monitoring?

● How can you use technology to teach NGSS 
using remote sensing and virtual reality?

Motivations



We will highlight how to use satellite 
imagery and virtual reality field trips in 
support of NGSS

HS-PS4-3 Waves and their Applications in Technologies for Information Transfer
Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be 
described either by a wave model or a particle model, and that for some situations one model is more 
useful than the other.

MS-ESS3-3 Earth and Human Activity
Apply scientific principles to design a method for monitoring and minimizing a human impact on the 
environment.

HS-ESS3-6 Earth and Human Activity
Use a computational representation to illustrate the relationships among Earth systems and how those 
relationships are being modified due to human activity.

MS-ESS3-5 Earth and Human Activity
Ask questions to clarify evidence of the factors that have caused the rise in global temperatures over the 
past century.

http://www.nextgenscience.org/pe/hs-ps4-3-waves-and-their-applications-technologies-information-transfer
http://www.nextgenscience.org/pe/hs-ps4-3-waves-and-their-applications-technologies-information-transfer
http://www.nextgenscience.org/pe/ms-ess3-3-earth-and-human-activity
http://www.nextgenscience.org/pe/ms-ess3-3-earth-and-human-activity
http://www.nextgenscience.org/pe/hs-ess3-6-earth-and-human-activity
http://www.nextgenscience.org/pe/hs-ess3-6-earth-and-human-activity
http://www.nextgenscience.org/pe/ms-ess3-5-earth-and-human-activity
http://www.nextgenscience.org/pe/ms-ess3-5-earth-and-human-activity




3-minute video describing how satellite images are numbers. Brief overview of landscape changes recorded by Landsat satellites

http://www.youtube.com/watch?v=6eh4EqVCXLk


● Visualize satellite 
images

● View data

● Create data

● Make measurements

● Tell a story



Data 
creation

View 
historical 
imagery

Make 
measurements

Imagery
& stories



Use Google Earth to study and document 
land cover and land use changes

National Land Cover Dataset

Credit #6



bit.ly/land
coverqus

Notice the
time slider bar





Create points, lines, polygons
to track changes

predict, measure, summarize

Use tools to measure length, area

Credit #7



Performance Task: 
Graph SWE using SNOTEL sites

Performance Task:
Glacier mass balance graphing

Examples of adding more context to the 
satellite images

Credit #8, #9 Credit #10



Contribute ground observations for 
long term ecological research 



Enhancing 
Investigations with 
Google Street View

& Expeditions

John Bailey



Street 
View



● Launched in 75+ countries
● Driven over 7 million miles
● 1000s of Special Collects







https://www.google.com/maps/@27.8360297,86.7639613,3a,75y,195.29h,83.94t/data=!3m8!1e1!3m6!1sXckUlh1TiJF72UaofitsqA!2e0!3e2!6s%2F%2Fgeo0.ggpht.com%2Fcbk%3Fpanoid%3DXckUlh1TiJF72UaofitsqA%26output%3Dthumbnail%26cb_client%3Dmaps_sv.tactile.gps%26thumb%3D2%26w%3D203%26h%3D100%26yaw%3D87.291336%26pitch%3D0!7i13312!8i6656


https://www.google.com/maps/@35.898186,-81.5481844,3a,61.8y,125.79h,80.95t/data=!3m7!1e1!3m5!1sqlcZPzXMS12y_CrDh64Qvw!2e0!3e2!7i13312!8i6656?hl=en


https://www.google.com/maps/@-1.239203,-90.385735,3a,75y,340.01h,100.31t/data=!3m5!1e1!3m3!1sevECSTueMhYAAAQIt--IIg!2e0!3e5


https://www.google.com/maps/@36.7326326,138.4621769,3a,75y,120.11h,66.93t/data=!3m7!1e1!3m5!1s-_0l0tU3lKz0JtaEsqJk7w!2e0!3e2!7i13312!8i6656


https://www.google.com/maps/@29.974965,31.137713,3a,75y,346.58h,95.36t/data=!3m5!1e1!3m3!1sTXymVghDgJk2ViaA69pNaQ!2e0!3e5




Guide
(Teacher View)

Explorer
(Student 

View)



www.moonshotincubator.com/expedition
s

http://www.moonshotincubator.com/expeditions/
http://www.moonshotincubator.com/expeditions/
http://www.moonshotincubator.com/expeditions/
http://www.moonshotincubator.com/expeditions/
http://www.moonshotincubator.com/expeditions/


Street View
Shee

p

http://visitfaroeislands.com/sheepview360/


Ricoh 
Theta-S

Samsung 
Gear 360



Interval Capture 



Inter-connecting 



Blurring 



google.com/streetview/publish

http://google.com/streetview/publish
http://google.com/streetview/publish


Wrap Up

Aida Awad & Susan Sullivan



● Which CCCs, practices, DCIs did we 
address throughout the course of the 
activities?

● At your table, how did your perceptions of 
what we addressed differ?

Small group processing: 



Final thoughts: 

● Planning for activities in your classroom

● Metacognition!



Downloads



Download the Lux Apps

iOS - Lux Camera
 By Tu Anh Do

Android - Lux Meter
By KHTSXR



Download the Street View App



Resources
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#1  https://commons.wikimedia.org/wiki/File:SF_Bay_area_USGS.jpg

#2  https://svs.gsfc.nasa.gov/vis/a000000/a000800/a000876/index.html

#3  http://www.jpl.nasa.gov/spaceimages/details.php?id=PIA02605

#4  https://www.nasa.gov/sites/default/files/578319main_20110809-ldcm-lrg.jpeg

#5
(a) https://www.nps.gov/features/yell/slidefile/geology/glacial/Outside%20Yellowstone%20Park/Page.htm
(b) http://earthobservatory.nasa.gov/IOTD/view.php?id=43859&eocn=image&eoci=moreiotd
(c) http://sofia.usgs.gov/projects/gcc_impacts/photogallery.html
(d) http://nefsc.noaa.gov/rcb/photogallery/pelagic.html
(e) http://www.earthscienceworld.org/images/search/results.html?Category=$Category&Continent=$Continent&ImageID=h4vfel
(f) http://lca.usgs.gov/lca/theme5task7/results.php

#6  http://www.mrlc.gov/nlcd11_leg.php

#7  http://onrep.forestry.oregonstate.edu/authentic-science-activities

#8  http://www.wcc.nrcs.usda.gov/snotel/earth/

#9  http://www.nohrsc.noaa.gov/earth/

#10  http://onrep.forestry.oregonstate.edu/authentic-science-activities
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Resources:                Earth Education

Google Expeditions
Homepage: https://www.google.com/expeditions/
Google Help Pages: https://support.google.com/edu/expeditions
How to create a kit and run Expeditions tours

Google Street View
Street View Galleries: https://www.google.com/streetview/
Learn about Street View: https://www.google.com/streetview/publish/

Other Presentation Links:
Sheep View: http://visitfaroeislands.com/sheepview360/
Expeditions in Hawaii: http://www.moonshotincubator.com/expeditions/

https://www.google.com/expeditions/
https://support.google.com/edu/expeditions
https://docs.google.com/document/d/1do-tI4Yms2s87S_bbtSEPnSGg-94VzYl6ABWzJ1Ihbw/edit#heading=h.51kfm9v4ylej
https://docs.google.com/document/d/1do-tI4Yms2s87S_bbtSEPnSGg-94VzYl6ABWzJ1Ihbw/edit#heading=h.a6vppgg01071
https://www.google.com/streetview/
https://www.google.com/streetview/publish/
http://visitfaroeislands.com/sheepview360/
http://www.moonshotincubator.com/expeditions/


Earth Science Week
Discover the resources offered through this international event, organized by AGI each 
October to promote better understanding and appreciation of Earth science and encourage 
stewardship of the planet. http://www.earthsciweek.org/classroom-activities

Big Ideas in Earth Science
Big Ideas videos bring to life the "big ideas" of Earth science—the nine core concepts that 
everyone should know. Teachers can use the videos in many ways.
http://www.earthsciweek.org/big-ideas

AGI’s Center for Geoscience and Society
Education Resource Network – The geoscience education resources on this site come from 
a variety of providers. The site provides visitors with the widest possible collection of 
curricula, classroom activities, teacher professional development opportunities, science 
education standards, virtual field trips, teaching ancillaries, and much more. 
http://www.americangeosciences.org/center-for-geo/ern

Critical Issues Program
The Critical Issues Program provides a portal to decision-relevant, impartial, expert 
information from across the geosciences. 
http://www.americangeosciences.org/critical-issues/

Earth Science World Image Bank
The Image Bank now has over 6,000 images available to search, making it one of the largest 
sources of Earth Science imagery available on the web. 
http://www.earthscienceworld.org/images/index.html

Resources: AGI Education

http://www.earthsciweek.org/forteachers/bigideas/main.html
http://www.americangeosciences.org/
http://www.earthsciweek.org/
http://www.earthsciweek.org/
http://www.earthsciweek.org/classroom-activities
http://www.earthsciweek.org/forteachers/bigideas/main.html
http://www.earthsciweek.org/forteachers/bigideas/main.html
http://www.youtube.com/AGIeducation
http://www.earthsciweek.org/big-ideas
http://www.earthsciweek.org/big-ideas
http://www.americangeosciences.org/center-for-geo
http://www.americangeosciences.org/center-for-geo
http://www.americangeosciences.org/center-for-geo
http://www.americangeosciences.org/center-for-geo
http://www.americangeosciences.org/center-for-geo/ern
http://www.americangeosciences.org/center-for-geo/ern
http://www.americangeosciences.org/center-for-geo/ern
http://www.americangeosciences.org/critical-issues/
http://www.americangeosciences.org/critical-issues/
http://www.americangeosciences.org/critical-issues/
http://www.americangeosciences.org/critical-issues/
http://www.earthscienceworld.org/images/index.html
http://www.earthscienceworld.org/images/index.html
http://www.earthscienceworld.org/images/index.html
http://www.earthscienceworld.org/images/index.html
http://geocntr.org/education-resources/
http://www.earthsciweek.org/


● Climate Literacy and Energy 
Awareness Network

● Solar Dynamics Observatory 
Module 

● Discover Air Quality Module 
● Arctic Climate Connections 

Resources: CIRES



Land cover change & science:  
http://Geotrendr.oregonstate.edu 
http://ltweb.ceoas.oregonstate.edu/mapping/

GLOBE Observer: http://observer.globe.gov
http://www.globe.gov/web/peder.nelson

SnoTel data: http://www.wcc.nrcs.usda.gov/snotel/earth/

National Snow and Ice Data Center:
https://nsidc.org/data/google_earth/

Earthquake hazards:
http://earthquake.usgs.gov/learn/kml.php

USGS Stream Flow (viewing in Google Earth): 
http://waterwatch.usgs.gov/?m=real&r=us&w=real%2Ckml

Explore Mt St Helens: 
http://volcano.oregonstate.edu/volcanoes-lesson-5.

Source of NASA produced data 
for viewing in Google Earth 
(land cover, biomass, etc) 

http://webmap.ornl.gov/wcsdown/

Resources: Oregon State University

http://geotrendr.oregonstate.edu
http://ltweb.ceoas.oregonstate.edu/mapping/
http://ltweb.ceoas.oregonstate.edu/mapping/
http://observer.globe.gov
http://www.globe.gov/web/peder.nelson
http://www.globe.gov/web/peder.nelson
http://www.wcc.nrcs.usda.gov/snotel/earth/
https://nsidc.org/data/google_earth/
https://nsidc.org/data/google_earth/
http://earthquake.usgs.gov/learn/kml.php
http://earthquake.usgs.gov/learn/kml.php
http://waterwatch.usgs.gov/?m=real&r=us&w=real%2Ckml
http://waterwatch.usgs.gov/?m=real&r=us&w=real%2Ckml
http://volcano.oregonstate.edu/volcanoes-lesson-5
http://volcano.oregonstate.edu/volcanoes-lesson-5
http://webmap.ornl.gov/wcsdown/
http://webmap.ornl.gov/wcsdown/


Resources: NAGT

http://nagt.org/index.html
http://serc.carleton.edu/teachearth/index.html
http://serc.carleton.edu/integrate/index.html


NGSS webinar series:

● January 12, 2017 - 4 p.m. ET / 1 p.m. PT
○ Teaching for Sustainability with NGSS

● Archived videos/slides of previous webinars:
○ http://nagt.org/nagt/profdev/workshops/ngss_summit/

index.html

http://nagt.org/nagt/profdev/workshops/ngss_summit/index.html
http://nagt.org/nagt/profdev/workshops/ngss_summit/index.html
http://nagt.org/nagt/profdev/workshops/ngss_summit/index.html
http://nagt.org/nagt/profdev/workshops/ngss_summit/index.html


Tuesday,	December	13	

12:15	–	1:15	Earth	Cache	Demonstration-	Matthew	Dawson,	Program	Officer,	Education	and	
Outreach	at	Geological	Society	of	America.	

	
Matt	Dawson	Bio	
Matt	Dawson,	the	GSA	Education	Programs	Manager,	has	worked	at	GSA	
since	July,	2010.	Matt	first	connected	with	GSA	in	the	summer	of	2007,	
when	he	worked	in	a	GeoCorps	America	position	with	the	U.S.	Bureau	of	
Land	Management	(BLM)	at	the	Upper	Missouri	River	Breaks	National	
Monument	in	Fort	Benton,	MT.	Before	coming	to	GSA,	Matt	spent	three	
years	working	as	a	Naturalist	for	the	City	of	Chandler,	Arizona,	
Environmental	Education	Center.	Prior	to	that,	Matt	taught	high	school	
earth,	space,	and	environmental	science	in	Brockton,	Massachusetts,	for	
six	years.	Matt	has	a	B.S.	in	Geology	from	Caltech	and	an	M.S.	in	Geology	
from	MIT.	Matt	enjoys	running,	biking,	hiking,	climbing,	and	camping	

with	his	wife	and	son	near	their	home	in	Lafayette	and	elsewhere	in	Colorado	(and	beyond).	
	



AGU-GIFT Workshop – GSA EarthCache Program 
 
OPTIONAL Preparation Activities 
 
Go to www.geosociety.org/earthcache and take just a few minutes to read up on what an EarthCache is. Reviewing the “Get 
Started” section would be sufficient; the next step would be to read the “Guidelines” section. 
 
Go to www.geocaching.com and create a free account.  
 
Use this account to login to www.geocaching.com and search for EarthCache sites in your area to get an idea of what is already near 
you. 
 
If you will have a smartphone at the workshop, download the official (and free) Geocaching App. Then download a free GPS app, 
such as Compass Commander. (Basic mapping apps like Google Maps work okay too.) 
 
Finally, consider locations near you that might be suitable for you and your students to develop into an EarthCache site. 
 
Download the free “Educator’s Guide” to the EarthCache program. 
 
 
 
 

http://www.geosociety.org/earthcache
http://www.geocaching.com/
http://www.geocaching.com/
https://www.geocaching.com/play/mobile
http://happymagenta.com/compass/
http://www.geosociety.org/GSA/Education_Careers/Field_Experiences/EarthCache/GSA/fieldexp/EarthCache/teachers.aspx
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1
Introduction
The Geological Society of America has taken one of the fastest growing 
outdoor activities of our day, Geocaching [pronounced “geo-cashing”], 
and developed an exciting educational activity that engages students in 
learning about Earth and its processes. It is called EarthCaching. By 
combining GPS technology with outdoor field experiences, students 
experience the wonders of Earth in an entirely new way. 

Kids these days are wired. From cell phones and iPods to PDAs and 
personal video games, there always seems to be a portable electronic 
device within easy reach. Some may find this unsettling, but it seems 
clear that the next generation will continue to use, depend upon, and 
be amazingly adept at managing these tiny wonders. Will our kids be 
lost in a virtual world of technology and lose touch with the “real” 
world? Can these kids become engaged with the natural, physical world 
beyond the range of their tiny screens? 

Indeed, they can. Welcome to EarthCaching.

EarthCaching is an educational activity that bridges the lure of a hand-
held electronic device—specifically, a GPS receiver—with the wonders 
of the outside world and the adventure of a treasure hunt as well! 

Chapter
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make and record observations while at the site, and then log their visit 
on the EarthCache™ Web site by reporting what they learned. Like 
geocaches, EarthCaches™ are developed by people all over the world. 
However, because they are meant to be educational, all EarthCache™ 
sites that are posted on the EarthCache™ Web site must provide some 
scientific information about the site. All EarthCache™ locations that 
are submitted for posting are subject to approval and oversight by the 
Geological Society of America (GSA).

The EarthCaching Web site at www.earthcache.org is the hub of all 
things related to EarthCaching. This is where all EarthCache™ locations 
are posted and logged, and where guidelines and additional resources 
can be found. From this Web site, educators can link to a special 
area that specifically addresses the needs of students and teachers in a 
classroom setting as well as suggestions for utilizing EarthCache™ sites 
in a variety of other ways.  On either the www.earthcache.org Web 
page or the www.geocaching.com Web page, EarthCache™ sites are 
distinguished by this symbol .

EarthCaching and Learning About Earth
Why do things happen where they do? How has the landscape changed, 
and what is causing these changes? How do landscape features tell 
about the geologic history of an area? What role do humans play in 
affecting each landscape? These are but a few questions posed in Earth 
science and geography classes. Though answers could be sought from 
a variety of sources, EarthCaching engages and stimulates curiosity 
in new ways. EarthCaching is an innovative approach to learning 
about the “whys and hows of where”—why and how things happen 
where they do. By integrating technology with hands-on field studies, 
EarthCaching contributes to Earth “literacy” for learners of all ages.

Individuals or groups can visit EarthCache™ locations around the 
world, either in the field or online, to learn something new about 
Earth and its systems. EarthCache™ sites are generally located where 
there is an interesting geologic or geographic phenomenon or feature. 
Because many different people create EarthCache™ sites, the topics or 
themes of the caches vary greatly. Consequently, the sites can provide 
information on a wide range of landforms, vegetation, and rock strata 
to climate, soil types, population distribution, or human impacts on 
the landscape. The possibilities are limitless, provided they offer some 
nugget of information about a particular place and the land that lies 
beneath it. Anyone who wishes to teach others about a place of interest 
can create and submit an EarthCache™ provided the guidelines be 
followed.

Lesson plans that incorporate EarthCaching can be linked to a variety 
of disciplines including Earth science, biological science, geography, 
history, math, language arts, foreign language, civics, and the visual 

GPS unit on sandstone ripple 

marks at Dinosaur Ridge Earth-

Cache™ site in Morrison, CO.

“... Earth itself offers 

its own treasures to 

uncover and endless 

opportunities for 

exploration, discovery, 

and learning.”

X

X

EarthCache™ sites are  
distinguished by this symbol:

What is GPS? (Adapted from: www.nps.gov/gis/gps/feature.html)
GPS, the Global Positioning System, consists of 25 satellites that orbit Earth and enable people 
with GPS receivers to determine their geographic location on the ground. Depending on the 
type of GPS receiver used, the accuracy of one’s location can be determined anywhere from 
within centimeters to within a few meters. GPS is used in countless applications—including 
navigation, transportation, commerce, industry, research, surveying, and education—with the 
purpose of pinpointing an object or location to a specific point on Earth’s surface. Increasingly 
as a result of its low cost, ease of use, and general fun, GPS is being used recreationally for 
both locating and navigating.  It has sparked a completely new realm of entertainment and 
adventure—geocaching.

What is Geocaching? (Adapted from www.geocaching.com)

Geocaching is an entertaining game of exploration and discovery that allows GPS receiver users 
to search for “caches,” or hidden objects, that have been placed somewhere on Earth. Caches 
have been set up all over the world by thousands of people in thousands of places. Locations of 
the caches are cataloged online at www.geocaching.com. To search for a cache, a user would first 
find a listing of locations online, input the latitude and longitude coordinates as a “waypoint” 
into his or her GPS receiver, and then use the receiver to find the cache. The cache is generally a 
container in which small items are hidden. Once found, a cache may provide the visitor with a 
wide array of rewards, including trinkets, messages, or other surprises. The geocacher can then 
physically log his or her visit and, if desired, take a trinket from the cache and leave one in its 
place. Geocachers may also report and log their visit to the cache online.

What is EarthCaching?
EarthCaching is an Earth science/geography-based educational activity that draws from the 
ever-increasing use of GPS receivers and the growing popularity of geocaching. Educators and 
others realize that Earth itself offers its own treasures to uncover and endless opportunities 
for exploration, discovery, and learning. EarthCache™ sites, then, are “virtual” caches that 
provide the visitor who finds them with new knowledge or insights about the location itself 
- an “educational treasure” which is arguably more valuable than a trinket anyway! Instead of 
leaving or taking anything from the site, visitors are asked to follow the EarthCache™ notes, 

GPS, Geocaching and EarthCaching 
EarthCaching (pronounced “Earth–cashing”) is a 
new concept in education, but one that encompasses 
many elements that are proven to engage students 
and promote learning. Field experiences, hands-on 
interactive tasks, cutting edge technology, and the 
thrill of discovery all contribute to making learning 
meaningful, not to mention fun, for learners of all 
ages. EarthCaching is based upon the widespread 
use of GPS technology, the exponential growth of the 
adventure game of geocaching worldwide, and the 
ongoing need to improve geography and Earth science 
understanding for all.

X
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Connections To Curriculum

EarthCaching can support standards and enhance learning in a variety of disciplines. Its 
applications are most obvious in the fields of Earth science and geography. The development 
and/or study of an EarthCache™ site will help students study the composition of Earth, its 
history, and the natural and physical processes that shape it. By studying similar EarthCache™ 
sites around the world or comparing various sites in close proximity to each other, students 
can develop and test hypotheses, make observations, and draw conclusions about Earth. 
EarthCaching also provides the opportunity for students to experience how science and 
technology interact and to gain proficiency in the use of technology in science (e.g., GPS unit, 
computer, and the Internet).

However, EarthCaching is not limited to Earth science and geography. The table below 
illustrates how EarthCaching can be used to enhance learning in a variety of disciplines.

arts. Participants gain skills and experience related to location (e.g. longitude and latitude), 
navigation, and the use of geospatial technology. The diagram below illustrates the role that 
EarthCaching can play in education. As a part of the teacher’s toolbox, EarthCaching can be 
incorporated into a lesson plan to support learning objectives by giving students the opportunity 
to see geologic and geographic features of Earth firsthand or online.

EarthCaching in Education

Knowledge

Observation, recall of information and major ideas

Comprehension

Interpret facts, compare and contrast, predict outcomes

Application

Apply concepts & theories to new situations, solve problems using new skills/knowledge

Analysis

Recognize patterns, identify components, recognize hidden meanings

Synthesis

Relate knowledge from several disciplines, generalize from facts, draw conclusions

Evaluation

Discriminate between ideas, value evidence and recognize subjectivity, develop reasoned 
arguments

Learning Objectives & Essential Questions

Other Learning 
Experiences

Geospatial Skills Earth Literacy
Related Learning & 

Skills

Demonstration of Learning & Understanding 
(Evaluations and Assessments based on Bloom’s Taxonomy)

Desired Outcome

Lesson Plan

New Learning

Evaluation  
& Assessment
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Discipline Sample Standard/ Learning Objective1

English/Language Arts Demonstrate reading comprehension (e.g., use reading skills and  •
strategies to understand a variety of informational texts such as 
textbooks, primary source documents, and maps)

Use descriptive and technical writing (effectively communicates  •
in writing factual and technical information)

Mathematics Compute fluently and make reasonable estimates; develop,  •
analyze, and explain methods for solving problems involving 
proportions, such as scaling and finding equivalent ratios 
(e.g., use UTM (Universal Transverse Mercator) coordinates 
to determine the distance in miles north (or south) and east 
(or west) a location is from the EarthCache™ site. Calculate in 
meters as well)

Compute fluently and make reasonable estimates; judge the  •
reasonableness of numerical computations and their results (e.g., 
determine the straight-line distance of above using Pythagorean’s 
Theorem)

Foreign Language Demonstrate understanding of the nature of language through  •
comparisons of the language studied and their own (e.g., use 
EarthCache™ sites in foreign languages to test comprehension, 
comparing with English version)

Understand and interpret written and spoken language on a  •
variety of topics through the use of foreign EarthCache™ sites

1National standards and learning objectives are drawn from the published national standards for each discipline.

Discipline Sample Standard/ Learning Objective1

Scientific Inquiry/ Earth 
Science/ Biological Sci-
ence

Know and understand the methods of scientific inquiry (e.g.,  •
formulate a testable hypothesis and demonstrate the logical 
connections between the scientific concepts guiding a hypothesis 
and the design of an experiment; demonstrate appropriate 
procedures, a knowledge base, and conceptual understanding of 
scientific investigations)

Know and understand the composition of Earth (e.g., each  •
element on Earth moves among reservoirs in the solid Earth, 
oceans, atmosphere, and organisms as part of geochemical 
cycles)

Know and understand the history of Earth and the natural,  •
physical processes that shape it (e.g., interactions among the 
solid Earth, the oceans, the atmosphere, and organisms have 
resulted in the ongoing evolution of the Earth system)

Science & Technology Understand the intersection of science and technology  •
(e.g., science often advances with the introduction of new 
technologies. Solving technological problems often results in 
new scientific knowledge. New technologies often extend the 
current levels of scientific understanding and introduce new 
areas of research)

Gain proficiency in the use of technology for the purposes of  •
supporting scientific inquiry

Physical and Human 
Geography

 Know and understand the major processes that shape patterns  •
in the physical environment (e.g., earthquake zones and volcanic 
activity) 

Understand how physical systems are dynamic and interactive  •
(e.g., the relationships between changes in land forms and 
the effects of climate such as the erosion of hill slopes by 
precipitation, deposition of sediments by floods, and shaping of 
land surfaces by wind)

Human Geography Understand the impact of human migration on physical and  •
human systems (e.g., the impact of European settlers on the 
High Plains of North America in the nineteenth century)

Understand contemporary issues in terms of Earth’s physical  •
and human systems (e.g., the processes of land degradation 
and decertification, the consequences of population growth or 
decline in a developed economy, the consequences of a world 
temperature increase)

History Know how physical and human geographic factors have  •
influenced major historic events and movements (e.g., the 
course and outcome of battles and wars; geographic challenges 
of exploration)

Demonstrate understanding of the characteristics of western  •
European societies in the age of exploration (e.g., identify 
geographic factors that influenced U.S. expansionism in the late 
19th century)

1National standards and learning objectives are drawn from the published national standards for each discipline.
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The Global Positioning System (GPS)
GPS technology is used to locate an EarthCache™ site. The technology 
allows the use of a small receiver to determine a position, or location, 
anywhere on Earth. The technology is based on a system of 24 satellites 
that continually orbit Earth on fixed paths. These satellites communicate 
their positions to a GPS receiver and the receiver uses the signals to 
calculate its position on Earth. It can then report that position in terms 
of longitude and latitude. The GPS receiver, which in this document 
will also be referred to as a GPS unit or a GPSr (a term just starting to 
be used in the media), can also be used, in a compass-like fashion, to 
navigate toward a specific location (such as an EarthCache™ site) using 
longitude and latitude.

While only a few are shown below, there are a number of teaching 
resources on the Internet that can be used to introduce students to the 
concepts involved in the Global Positioning System (GPS) and how it 
can be used to study Earth. 

How Stuff Works1.  
www.howstuffworks.com/gps1.htm 

Global Positioning System 
This site provides an excellent explanation of how GPS works, 
including illustrations and videos by the authors.

Garmin: What is GPS?2.  
www.garmin.com/aboutGPS/ 

What is GPS? 
Garmin, a manufacturer of GPS units, provides an explanation 
of GPS technology and how it works. There is a link to a 
downloadable PDF guide entitled “GPS Guide for Beginners.”

PBS NOVA: Longitude3.  
www.pbs.org/wgbh/nova/longitude/gps.html 

GPS: The New Navigation 
NOVA Online, operated by PBS, hosts a site that provides access 
to a game that demonstrates how the GPS works. Where was the 
first accurate timepiece for finding longitude tested? What piece of 
information is required from both the satellite and the GPS receiver 
to determine the longitude and latitude (location) of a place on 
Earth? Contains a fun presentation of GPS concepts.

The Geographer’s Craft 4.  
www.colorado.edu/geography/gcraft/notes/gps/gps_f.html 

Global Positioning System Overview 
Hosted by the Geography Department at the University of 
Colorado—Boulder, this site contains materials that were developed 
by and are copyrighted by Peter H. Dana of the University of Texas 
in Austin. There are a number of illustrations and explanations of 
the GPS, its development and operation.

Using a GPS Receiver (GPSr)
After students understand GPS technology, they will need to experience 

 Source: 1998 National Air & Space 

Museum

“When people talk about a ‘GPS,’ 
they usually mean a GPS receiver. 
The Global Positioning System 
(GPS) is actually a constellation 
of 27 Earth-orbiting satellites 
(24 in operation and 3 extras in 
case one fails). The U.S. military 
developed and implemented 
this satellite network as a 
military navigation system, but 
soon opened it up to everybody 
else.” 

- How Stuff Works 

www.howstuffworks.com/gps.htm

X

X

Coordinate Systems and 
GPS Technology
Before embarking on an EarthCaching 
adventure, it is helpful to have a basic 
understanding of coordinate systems 
(specifically longitude and latitude) and 
an introductory understanding of GPS 
technology.

Coordinate Systems
“The Earth is effectively a sphere, so how do we describe where a point is on its surface?” - 
National Atlas of the United States of America

Location, location, location. In order to make use of an EarthCache™ site, you must know 
where it is. The location of an EarthCache™ site is given in terms of longitude and latitude. It 
is important for students to understand the coordinate system that describes the position of 
any point on Earth’s surface. There are a number of resources on the Internet that can be used 
to introduce or enhance understanding of longitude and latitude. A few have been provided 
below.

National Geographic Society1.  
www.nationalgeographic.com/expeditions/lessons/01/g68/mapmaking.html 

The National Geographic Society provides numerous lesson plans for teachers related to 
all aspects of geographic study. This link is for a lesson that has secondary level students 
review the concepts of longitude and latitude, explore the importance of having a system 
of measuring Earth’s surface, and identify situations in which it would be helpful to use 
longitude and latitude.

National Atlas of the United States of America2.  
www.nationalatlas.gov/articles/mapping/a_latlong.html 

Operated by the U.S. Department of the Interior, this site is rich in information and 
resources related to physical and cultural geography, Earth science, and history and 
government. This link connects directly to information related to longitude and latitude. The 
site also provides links to additional resources related to the topic.

NASA – National Aeronautical and Space Administration3.  
www-istp.gsfc.nasa.gov/stargaze/Slatlong.htm 

Under the auspices of NASA, Dr. David Stern of the University of Maryland developed an 
online guide entitled “Stargazers and Starships.” Chapter 5 of the guide gives an extensive 
explanation of longitude and latitude, including illustrations, and provides a link to related 
teacher lesson plans.

United States Geological Survey (USGS) 4.  
www.education.usgs.gov/common/lessons/gps.html  

GPS, Map, and Compass - The USGS site contains information on GPS and its uses and 
includes links to geocaching and EarthCaching. It also includes sections on using a compass 
with a topographic map and information on GIS (geographical information system).

World Atlas – Absolute and Relative Location5.  
www.world atlas.com/aatlas/imageg.htm 

This site is helpful for introducing absolute and relative location (has definitions).

X
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User Registration

In order to see a list of EarthCache™ sites online and to find their latitude and longitude 
coordinates, you must register as a user. This is a quick and free process and is required of 
www.geocaching.com users (the site that hosts the actual EarthCache™ site listings). Simply 
follow the directions online when you are prompted to create a new account. Know that your 
username will be viewed by others when you log your visits online, so you might want to give 
it some thought and come up with a clever name!

Selecting an EarthCache™ Site to Find

On the www.earthcache.org web site, there is a listing of all EarthCache™ sites that have 
been approved by GSA. To see a list of all available EarthCache™ sites, click on the View 
EarthCache™ Listings button. A spreadsheet listing of all EarthCache™ sites will appear. As you 
will see, the listing includes the following information about each cache:

Type Country State/Prov Waypoint Classification Developer

Canada British 
Columbia

20 million year 
old cache

Fossil Site Landsharkz

USA Idaho A Gneiss Stop 
EarthCache

Structural feature Bridger & 
RollyR

USA Maryland A Look Into The 
Past EarthCache

Syncline Simulatmore

You may sort the caches by any of these columns simply by clicking once on the column heading. 
This will make it simpler to find an EarthCache™ site in your area or to locate EarthCaches™ 
related to a specific classification (e.g., fossil site, volcanic feature, etc.)

A click on the name of the EarthCache™ (in the “waypoint” column) will link you to the 
detailed information about the cache hosted by www.geocaching.com. (Note: EarthCache™ 
site information is available online to anyone, even without registering as a user. However, 
the specific location of the EarthCache™ site and its location relative to the user are available 
only to registered users of the two host sites. Therefore, students may explore EarthCache™ 
sites online without going through the user registration procedure, but will be unable to access 
longitude and latitude information.)

Components of an EarthCache™ Site Listing

Once you have registered, logged in, selected an EarthCache™ site you would like to visit, and 
found its page online, you will see that there is a great deal of information available. At the very 
least, each EarthCache™ listing will include:

the coordinates (latitude and longitude) of the site to visit;•	

a generalized map of the area;•	

guidelines and/or information for learning about this location.•	

You will need to print out the information about the cache in order to proceed, as the educational 
content on the location should be taken with you on your adventure. Some EarthCache™ sites 
have additional clues that need to be “decrypted” in order to make sense! You should read all 
the information included so you know exactly how to fully experience the EarthCache™ site. 
At some sites, you will need to take digital photographs.

the technology first-hand by using a GPSr to (1) determine their own location on Earth and 
(2) navigate to a specific location. There are numerous GPS receivers on the market and some 
are more sophisticated than others are. While each manufacturer of GPS units may design a 
unit that looks and feels slightly different from other units, they all work on the same concepts, 
and knowing how one model works will give the user enough of an understanding to figure 
out other models. Manufacturers often provide informative and user-friendly online manuals 
for their units. These online manuals can be used to create effective lesson plans, exercises, and 
skill evaluations for students learning to use the receivers.  An example of a lesson plan helping 
students use their GPSr can be found in Appendix B.  Please edit the lesson plan for use with 
your students’ units.

Getting Started With EarthCaching 
Getting started with EarthCaching is straightforward, although there are a few necessary 
minimum requirements. At the very least, one needs:

A GPS receiver, and access to the www.earthcache.org web site via an internet 
connection.

GPS Receivers
Before setting out to find an EarthCache™ site, you should become familiar with the basic 
functions of your GPS receiver. At the very least, EarthCaching requires that you are able 
to follow a waypoint. To learn more about using GPS, visit the Web sites and activities on 
the previous pages. Also, use Chapter 4, EarthCaching When You Can’t Leave Campus, for 
exploring the EarthCache™ Web site itself before using the GPS unit.

No GPS receiver? No problem.

If you do not have access to a GPSr or require additional units, there are a number of options 
for obtaining them. Please see the “Resources” section below for some ideas. In addition, in 
Chapter 4, EarthCaching When You Can’t Leave Campus, you will find creative ideas for using 
the EarthCache™ Web site itself without using a GPS receiver at all.

Using www.earthcache.org
The EarthCache™ Web site ( www.earthcache.org) is the virtual starting point for your 
EarthCaching adventures. Here you will find the most updated information about EarthCaching 
including:

a listing of all GSA-approved EarthCache™ sites; •	

tips on how to find your first EarthCache™ site in the field;•	

guidelines for how to create and post a new EarthCache™;•	

strategies and ideas for using EarthCaches™ in education, with or without leaving campus; •	

special EarthCache™ site-related programs (grants, incentives, news, etc.)•	

The information below highlights certain parts of the EarthCache™ Web site that might be 
helpful in getting started.
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the entire EarthCaching community. Note that in cases where the location of caches are on 
private or restricted property, they should not be posted on the Web site but rather just used 
“internally” with the aid of the EarthCache™ site form (Appendix A) or given only to individuals 
who have access to the property (e.g., school grounds). A teacher may also not want to post 
an EarthCache™ site online so that s/he can have new students create the same EarthCache™ 
location each year.

Educational Uses of EarthCaching
EarthCaching is a simple and effective tool for use in a variety of disciplines and can be 
incorporated into a variety of activities. The materials included here address three different 
approaches to the educational uses of EarthCache™ sites: 

Teacher EarthCache™ Site Development,•	

Student EarthCache™ Site Development, and •	

EarthCaching When You Can’t Leave Campus•	

On Campus EarthCaching•	

EarthCaching Without a GPSr•	

As of December 2006, there are more than 600 EarthCache™ sites worldwide and that number 
is growing rapidly. Using existing EarthCache™ sites, through either actual site or online visits, 
can aid teachers in guiding students to valuable learning about Earth and its processes. As the 
number and variety of EarthCache™ sites grow, the opportunities for their use in education 
expand. Browsing the list of existing EarthCache™ sites can spawn even more ideas for their 
use.

Teacher EarthCache™ Site Development
Teachers may find that there are useful and relevant educational sites located in their 
own geographic region that can be developed into EarthCache™ sites for use by their 
students and others. Teachers may develop an EarthCache™ using the criteria found at  

www.earthcache.org and submit it for posting on the Web site or develop one for use only 
by their students.

Student EarthCache™ Site Development
Teachers may want their students to have the educational experience of developing EarthCache™ 
sites as part of a larger lesson plan/unit. Student-developed EarthCache™ sites are generally 
not developed for posting on the EarthCache™ Web site (but can be); rather, they are used to 
enhance the students’ learning experience related to content, scientific inquiry, observation, 
evaluation, and analysis.

EarthCaching When You Can’t Leave Campus 
If you are unable to leave campus to visit an EarthCache™ site, there are at least two other 
options for incorporating EarthCaching into your lesson. 

On Campus EarthCache™ sites:  Use teacher- or student-developed EarthCache™ sites located •	
on or near the school campus to accomplish learning objectives.

Visiting an EarthCache™ Site

Field visit: You have found an online listing of an EarthCache™ site that you would like to visit. 
You have its location in latitude and longitude and have printed out the informational pages 
about the cache. You know the basics of operating your GPS receiver. Now what? Time for a 
field trip!

Enter the latitude and longitude for the EarthCache™ site into your GPSr by creating a new 
waypoint and editing the coordinates. Then set your GPSr to select the new waypoint to find 
(or GOTO) that location. Reading the manual that comes with your GPSr may clarify this 
process. Your GPSr display will indicate how far and in what direction you must travel to find 
the EarthCache™ site. Depending on how far you are from the cache, you may need to drive to 
get near it; obviously, that will vary by situation.

Your GPSr should be able to place you within 15 feet of the EarthCache™ site. In almost 
all cases, this is close enough for you to learn about some amazing geologic or geographic 
aspect of that place. Be sure to take notes and answer the questions that are posed to you by 
the EarthCache™ listing (refer to your printout). You will need to demonstrate that you have 
learned something in order to log your visit successfully!

As an educator, you may also require your students to obtain additional information about 
the site. To learn more about teacher and student use of EarthCache™ sites, please see the 
subsequent sections in this document.

Online visit: If a field trip to an EarthCache™ site is not possible, educators and students can 
still learn a great deal from the EarthCaches™ Web site. Although “being there” is the ideal way 
to visit an EarthCache™ site, valuable learning opportunities can be found in the listings, the 
logs, the photos, and the comments of other EarthCachers. The section entitled “EarthCaching 
with No GPS Receiver” includes some creative ideas for “online” EarthCaching.

Logging Your Visit

When you return to your computer, go back to the listing for the EarthCache™ site you visited 
and click on the button to Log Your Visit. Here you can write comments, rate your experience, 
and even upload a photo that you have taken. You also must answer the question(s) posed 
by the EarthCache™ site developer to get credit. This is now a fundamental requirement of 
EarthCaching.

The records of EarthCache™ sites that you have visited, as well as any visits you make to other 
cache types, can be found on your own account pages at www.geocaching.com.

Note: Online EarthCache™ site visits (i.e. when you do not actually visit the cache in the field, 
but still learn about the place) may not be logged. Only field visits can be logged online.

Creating and Submitting a New EarthCache™ Site

Anyone can create and submit an EarthCache™ site, provided the guidelines are followed 
carefully. The most up-to-date guidelines can be found online at www.earthcache.org and must 
be adhered to in order to receive GSA approval. Creating an EarthCache™ site is perhaps the 
most effective way to learn about Earth processes and the geography of the cache, as one must 
provide the information to others in a clear, concise and interesting manner. Teachers, students, 
and others are welcome to create new EarthCache™ sites thereby sharing their knowledge with 
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as local educational foundations may offer grant opportunities), and don’t forget funds for 
batteries.

Request a donation from GPS unit suppliers (outdoor stores, camping/fishing stores).•	

Work with neighboring schools or with district to acquire a school/district set, or with state •	
or federal agencies (like United States Geological Survey) that may have lending programs. 
Consider local county agricultural extension.

Field Trip Availability

The most powerful way to engage students in EarthCaching is to have them get out into the 
field and use GPSrs to find the caches. In some cases this can be done on campus (if such a 
cache exists), but more likely it will require a field trip. Budget constraints and time limitations 
are certainly considerations, but it is very possible to combine EarthCaching with other field 
trip objectives. If a cache is on the way to another field trip destination, it may not be difficult 
to incorporate a stop along the way.

Scaleable Uses of EarthCache™ Sites with Accessibility to Technology

GPSr Computer Lesson Ideas

1 1

Have one student collect data; have rest of class take notes, collect  •
samples, draw pictures, make rubbings, describe settings, record 
information from interpretive signs, write the class story of how it 
reached the position, measure objects, estimate sizes or densities, and 
answer questions about site.   Ask class to switch persons using the 
unit often so that as many as possible get to experience the device.

1 1

Change GPSr units to UTM (Universal Transverse Mercator, see   •
www.erg.usgs.gov/isb/pubs/factsheets/fs07701.html), work on 

student’s ability to use distance formula between points. Have student 
with GPSr call out two different coordinates and calculate the distance 
between them. Distance formula = square root of the difference of 
the northings squared added to the difference of the eastings squared. 
Common formula representation:  d =  √ (Δx)2 + (Δy) 2

Check out the GPSr to students for finding local EarthCache™ sites  •
(or geocaches) or creating their own.  Try to allow each student access 
to the GPSr once per semester.

1 each 1 or More

Each student makes a log of the trip to EarthCache™ site. •

Encourage groups of students or families to visit more remote  •
EarthCache™ sites.

Set up several EarthCache™ sites for technique building that are close  •
to the school.  Use a few locations that are farther away for class field 
trips or for creating new EarthCache™ sites.

0

1 teacher, 
all students 
have access 
in library 

or at home

Encourage students to use the EarthCache™ Web site as a source of  •
info and pictures in homework reports.

Assign students different landforms to research on the Web site and  •
report to the class.

Have students give a report about a favorite EarthCache™ site. •

Find an EarthCache™ site that has similar features to what is found in  •
the local region.

EarthCaching without a GPSr (online visits): Visit an EarthCache™ site by looking at the online •	
entry at www.earthcache.org. Students can use the EarthCache™ site information, along with 
other sources, to accomplish learning objectives. Teachers should consider previewing online 
EarthCache™ sites since each varies in the type, amount, and quality of information provided. 
(Note: Online visits to an EarthCache™ site may not be logged on the Web site as a visit.)

Lesson Plans
Lesson plans that use one or more EarthCache™ sites can be found at www.earthcache.org. 
Teachers may also develop lesson plans to be shared with others. Lesson plans are attached to 
specific EarthCache™ sites, but can be applied to others as well.

Helpful Hints and Issues to Consider
EarthCaching has great potential as a learning tool, but there are also a number of potential 
challenges to using it in schools, including resources, safety issues, expertise, accountability, 
accessibility, and time. 

Resources
By definition, EarthCaching utilizes specific technology so consequently access to GPS receivers 
and computers with Internet connections is ideal. The spectrum of access to these technologies 
still varies widely in schools, but continues to improve. 

Internet Access

At the very least, a teacher needs to have access to www.earthcache.org online. This is the 
gateway to the EarthCaching community, including locations of caches, logs, activities, and 
teaching ideas. Powerful computers or a high-speed connection are not required as there are no 
large downloads or images to access. Student access to the Web site is beneficial only if online 
activities will be used or students wish to explore and find EarthCache™ site listings on their 
own. Always follow your school district guidelines for Internet safety. 

GPS Receivers & Batteries

GPS receivers are becoming increasingly popular and consequently have become easier to find. 
Optimally, a teacher would have access to a class set of receivers (one GPSr per two or three 
students is sufficient) that can be taken along on field trips to EarthCache™ sites. Below are 
ideas for acquiring GPSrs.

Borrow:
Borrow units from public or private organizations in town.•	

Forest services, city or university departments, GIS/GPS professionals in the community, and •	
educational museums may lend kits.

GITA and state Geographic Alliances may lend kits.•	

Students may have and bring in their personal GPSr if appropriate.•	

Borrow from other school district departments and employees (many may own their own GPS •	
unit or another school or district department may have acquired one or more).

Acquire:
Write a grant for the needed units (some large retailers such as Best Buy and Wal-Mart as well •	
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Safety Issues
As with any activity that takes groups out in the field, safety must always be a top priority. Of 
particular concern is that often times GPS users will be so intent on following directions on 
their little screen that they forget to watch where they are going in reality! A frequent mantra 
should be “Look Up!” This is valid for all age groups! 

Students working in small groups (3-4) can identify individual responsibilities within the 
group. One member can be the navigator (using the GPS unit), another may be the recorder 
(writing down what the group finds, observes, and learns) and another may be specifically 
responsible for the safety of the group (keeps them off the roadway or prevents them from 
stepping off a cliff!).  

When creating a new EarthCache™ site, be sure to give safety considerations utmost priority. 
Especially considering that groups may be visiting the site, the area selected should be clearly 
marked, have ample space, and visitors should be conscious of sensitive ecosystems. Indeed, 
many fascinating geologic features can be seen in road cuts, but it is not recommended that an 
EarthCache™ site be created on the shoulder of the Interstate. Use common sense.

Again, always follow your district guidelines for Internet safety. It is strongly suggested that the 
teacher be the author for any EarthCache™ sites posted online, since the outside community 
can contact the author of the site. Do not allow student information to be accessed on any 
public site, including www.earthcache.org.

Expertise 
Because GPS and other spatial technologies are becoming more and more commonplace 
in our society, there are ample resources available to support the novice. The best place for 
introductory information is the www.earthcache.org Web site, but advice and/or more specific 
support can be found either online or within your community. The GIS Education listserv 
(EDGIS) is a community of educators who use GIS in an educational context. Many will 
also be familiar with classroom applications of GPS. (For more information or to subscribe, 
visit list.terc.edu/mailman/listinfo/edgis). Alternatively, you may wish to find GIS and GPS 
users in your community. These technologies are in use by most local (state, county, and 
city) governments for planning purposes and by emergency services such as police and fire 
departments. Many private businesses also use these technologies (e.g., transportation and 
shipping, natural resource exploration, etc.). Local community colleges and vocational schools 
may offer certification programs and are excellent resources for discovering GIS and GPS 
resources in your community. 

Accountability 
In today’s educational climate, it seems that teachers must constantly be accountable for any 
new activity they introduce into the classroom. What will students learn? Does it address 
the standards? Can it be justified? (See Standards in Appendix E.) EarthCaching can provide 
students with solid content in diverse disciplines (depending on the nature and use of the 
cache) as well as technology skills. Simple assessments are incorporated into the discovery 
of the cache itself (as “something” must be learned in order to log the cache) and additional 
assessments can be created depending on the desired learning outcome. In addition, one of the 
best authentic assessments would be for students to create and submit their own EarthCache™ 

GPSr Computer Lesson Ideas

0

1 with 
internet 
access in 

classroom

Print out EarthCache™ site descriptions and make copies for students  •
to study and use during specific units.  

Use EarthCache™ sites for picture illustrations on worksheets (provide  •
address of the EarthCache™ site).

Show groups of students cool places around the world during down  •
times in your class.

0 A few in 
class

Have students find sites of interest and plan how to get there. •

Rotate small groups of students to look up EarthCache™ sites that  •
have to do with topics covered.

Have students plot locations of EarthCache™ sites while rotating  •
through stations.

1 for each 
student

Students create an EarthCache™ site within the semester on their own  •
time. (Perhaps bring class to a local site before assigning them to create 
their own.) 

Students create an EarthCache™ site by filling out a form printed from  •
the site.

Students research background information about the natural history  •
of their (or any) area to create a set of resources on a centralized 
folder that other student groups can use in the future for creating 
EarthCache™ sites. Encourage students to add to this file as they 
see articles in the newspaper or other sources throughout the year.  
Have students read through other opportunities listed in the Student 
Projects section of this folder.

2-3 1 or More

Obtain or print out topographic maps from USGS, Terra Server,  •
NASA World Wind, TopoFusion, or a commercial vendor like TOPO 
Maps USA from National Geographic.  Have students without GPS 
units work together with the GPSr operators to find their current 
locations and to find EarthCache™ sites on the maps.

Split students into teams and assign roles so that they can produce a  •
report by the time they return.  Each student can focus on different 
aspects of the area: terrain, soil type, texture, rock description, major 
landforms, etc.

Have students break into as many groups as you have GPS units to  •
practice finding waypoints using a deck of cards. The first GPSr holder 
walks away from the group and drops a card at least 10 feet away from 
any of the other teams’ cards. The GPSr holder marks the position and 
returns back to their team that sets the GPSr to GoTo the card.  Each 
of the teams must determine their card from the other teams’ cards 
as a relay.  The next person completes their turn by whispering the 
correct card into the lead person’s ear.  If they found the wrong card, 
they must look again for the correct card before handing the GPSr to 
the next person.

Make as many teams as GPS units and have each team create a very  •
hastily written ‘pseudo’ EarthCache™ site with a waypoint.  Hand the 
description and activity to one of the other teams and everyone can 
race to find and finish the activity.
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Time Activity
On 
Campus

Off 
Campus

1-2 hours Visit  • www.earthcache.org and look at 
listings and logs.

2-4 hours Have students map EarthCache™  •
locations and their significant features.

6-8 hours
Teacher creates offline EarthCache™ site  •
within walking distance so students can 
experience the activity.

Day Trip Encourage students to EarthCache™ site  •
on their own. Extra credit?

A Few 
Days

Take a field trip to multiple EarthCache™  •
sites if possible.

Many 
Days 
Over a 
Semester

Have students create their own  •
EarthCache™ sites. Authentic assessment 
is whether it is approved by GSA!

sites. This requires that they use GPS technology, follow pre-determined criteria, provide 
substantive Earth science content, write clearly and thoughtfully and submit their work to an 
outside source for approval. 

Accessibility

Language

At the present time, all EarthCache™ sites must be posted in English. However, if the cache 
is located in a non-English speaking country, the host language may also be included. In 
this case, the English translation may contain some grammatical errors, but will be easily 
understandable.

Maps

Despite the claims of GPSr aficionados, you really can still get lost even if you are carrying one! 
It is still a good idea to have a map of the area in which you will be traveling, preferably a large-
scale topographic map. This will not only help you get to the general location of where you need 
to be, but also inform you of features on the land that the GPSr might not (i.e., cliffs, rivers, 
roads, other hazardous obstacles). Additionally, most EarthCache™ site listings offer basic maps 
and information online as to the ease or difficulty of access to the EarthCache™ location. 

Disabilities

When an EarthCache™ site is posted, the author can indicate whether the area is handicap 
accessible. If this is a concern, be sure to look at the “Difficulty” and “Terrain” ratings and 
other comments related to physical accessibility provided by the EarthCache™ site creator when 
planning your visit to the site.

(Ratings out of 5 stars. 1 is easiest, 5 is hardest)

Time
The time required to incorporate EarthCaching into instruction can range from an hour-long 
overview to a whole semester of related activities. Clearly, it depends on the course, the teacher, 
the subject and the resources. The activities suggested in the subsequent sections provide 
examples of simple to more involved possibilities. 

Whether you have an hour or a semester to spend, and a single computer and GPSr or a lab 
set of each, EarthCaching can be used in a variety of ways. The chart below provides some 
examples ranging from the most fundamental to the most involved activities—in both time 
and resources. Choose what might work and of course, be creative!

Difficulty TerrainX
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2
Chapter

Teacher EarthCache™  
Site Development
As indicated in the Introduction, EarthCaching has many 
interdisciplinary applications and is an excellent way to get students 
hooked into Earth science, geography, mathematics and language 
arts. Assuming you have now decided to try using EarthCaching 
with your students, developing an EarthCache™ site to meet your 
classroom needs can be an exciting endeavor.  The goal of this section 
is to simplify the process of turning an idea into an EarthCache™ site. 
This is accomplished by outlining steps to create an EarthCache™ for 
the classroom and providing the steps that were taken in creating an 
EarthCache™ site for Dinosaur Ridge in Morrison, Colorado.  
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Because EarthCaching is interdisciplinary, standards in a number of disciplines can be 
addressed. Included in Appendix E are the relevant national and state standards. A link to state 
standards is also located at www.geosociety.org/educate/standards.htm. Reviewing your 
state standards can help you determine how best to develop your EarthCache™ site to ensure 
that it is appropriate for your teaching curriculum. 

Depending on your purpose or disciplinary focus, you can develop goals that emphasize certain 
aspects of the cache location. 

If you are planning the EarthCaching unit within an Earth science class, knowledge of the local •	
geology will be needed to set the goals for the EarthCache™ site you will develop.

Examples:
Students will be able to observe the differences between sedimentary and metamorphic rock 1. 
outcrops.

Students will observe and describe an unconformity.2. 

Students will describe the effects of glaciers on the land surface.3. 

Within a physical geography class, a goal that ties in local geology with changes due to human 
interaction might be appropriate.

Examples:
Students will be able to identify the interaction between people and the physical 1. 
environment (e.g. at a man-made reservoir).

Students will be able to develop an original question regarding the interconnectedness of the 2. 
geology of the site and the human use of the site.

If the EarthCache™ site is being developed for the mathematics classroom, goals that relate to 
research and measurement might be appropriate.

Examples:
Students will be able to produce scale drawings of artifacts or items of interest found at the 1. 
EarthCaching location.

Students will be able to correctly use the metric system on-site when collecting empirical data 2. 
at the EarthCache™ location.

Within a language arts class, a goal for describing the local geology might be appropriate.

Examples:
Students will be able to properly complete a data collection field form.1. 

Students will be able to accurately describe rock formations and topography found at the 2. 
EarthCache™ location.

Identify an Actual Location
Once your learning goals and objectives have been developed, the next step to creating an 
EarthCache™ site is selecting a location that will enable the goals to be met. Though there 
are numerous educationally significant locations, finding a site that guides the students to 

How to Develop an EarthCache™ Site  
for Use in Your Classroom

Identify an Objective
The first step in creating an EarthCache™ site, as in any lesson or unit, is to identify the 
objectives. What do you want the student to learn from this EarthCaching experience? In 
the physical geography class, an objective that relates to the interaction of humans with the 
environment might be appropriate.

Examples:
To develop in students an understanding of Earth/geographic systems and concepts.1. 

To develop in students a deeper understanding of technology and how it can be applied to 2. 
geography (GPS, GIS, databases, etc.)

If the EarthCache™ site were being developed for the science classroom, objectives that relate 
to scientific inquiry and Earth science concepts would be needed.

Examples:
To develop in students an understanding that Earth as we know it today has developed over 1. 
long periods of time, through the continual process of change.

To develop in students an understanding of how scientists derive hypotheses, collect and 2. 
analyze data, and draw conclusions about a given location or condition.

If the EarthCache™ site is being developed for the mathematics classroom, objectives that 
relate to research and measurement can be developed.

Examples:
Students will be able to interpret and develop scale drawings such as those based on maps of 1. 
EarthCache™ locations to solve real-world problems.

Students will be able to select appropriate units of measurement and determine/apply them 2. 
in a real-world context when researching an actual EarthCache™ location.

If the EarthCache™ site is being developed for the language arts classroom, objectives that 
relate to effectively communicating ideas and non-fiction information might be suitable.

Examples:
Students will be able to select and use an appropriate format for writing according to the 1. 
intended audience and purpose.

Students will be able to write notes, comments, and observations that demonstrate a working 2. 
knowledge and comprehension of the EarthCache™ location.

Develop Goals Based on Education Standards/Learning Expectations
Once the objectives for the unit have been determined, specific goals must be developed in order 
to choose the type of EarthCache™ site to be created. Within each class, state and/or national 
standards should be consulted in determining specific goals for the EarthCache™ site unit. 
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What past human activity took place at your EarthCache™ location? (Sometimes the a. 
character of a place is so heavily influenced by people that one must look at what has 
happened in the past to make decisions for the future.)

What natural events have occurred (hurricanes, floods, earthquakes, droughts, tornadoes)?b. 

Problems and Prospects:5. 
What are some positive qualities regarding people and nature at the EarthCache™ a. 
location?

What are some negative qualities regarding people and nature at the EarthCache™ b. 
location?

Ways to Sharpen Senses and Observation Powers
What is the reason you chose this place for an EarthCache™ location?1. 

What do you see (vegetation, neighborhoods, bodies of water, footprints, animal tracks/scat, 2. 
garbage, feathers, anthills, or prairie dog towns)?

What do you hear (machines, cars, kids, birds, water, wind in trees, planes)?3. 

What do you smell (mowed grass, garbage, food, stagnant water, flowers, salt water)?4. 

What do items found at the EarthCache™ site feel like (soft, slippery, coarse, wet, dry)?5. 

Generally, observations are described in words. Sometimes, however, it is good to sketch 
what you see. It is your impression of what you are observing and it may provide a deeper 
appreciation for the site you have selected. Even if you are taking digital photos, try sketching 
your EarthCache™ location and relate it to what you saw, heard, smelled, and felt.

Ensure Access and/or Get Permission
EarthCache™ sites will always be on land owned by someone. For this reason, EarthCache™ 
sites developed on private and public land must have prior approval of the landowners before 
submission. EarthCaches™ developed in National Parks, National Forests, or other public 
lands are encouraged. These must have verbal or written approval from the appropriate land-
managing agency. The name and contact details of the person from whom you received approval 
MUST be provided on your EarthCache™ Site Submittal Form.

Develop a Content Explanation of EarthCache™ Site
Once your site has been chosen, you will need to develop the educational content for the 
EarthCache™ site based on the directions in the Submittal Guidelines section at www.
earthcache.org (see Appendix A, guidelines). The first guideline indicates: 

EarthCache™ sites must provide Earth science lessons. They take people to sites that 
can help explain the formation of landscapes or to sites of interesting phenomena such as 
folds, faults, intrusions, or reveal how scientists understand our Earth (such as fossil sites, 
etc.).

As the developer of the site, you must create the educational notes for the EarthCache™, 
keeping in mind your site will be used by the general public as well as educators and students. 
Your sources for finding the site, listed above, may also be useful in gathering information 

accomplish desired educational goals is key. Checking the EarthCaching Web page for possible 
EarthCache™ sites in your area that already address your objectives and goals is a logical place 
to start. Sources that will assist in identifying an appropriate location are all around you. 

Here is a list of sources that you can access:

poll colleagues,1. 
contact state or university geological departments,2. 
personal experience/knowledge,3. 
local library,4. 
historical/preservation societies,5. 
state/local visitor centers,6. 
points of interest around campus (in compliance with state/local law), and7. 
survey markers and Benchmarks.8. 

From this point on, using the EarthCache™ site template available in Appendix A will help you 
gather all of the information you need to develop the EarthCache™ location.

Thinking About Geography 
Geographers look at the world from a spatial perspective. Everything and every place can be 
looked at geographically. The following guidelines suggest a way for teachers and students 
to think about the world around them (used with permission from the Florida Geographic 
Alliance and Dr. Ed Fernald).

Model for Studying Place

When selecting a place or learning about a place for the first time, it is good to think about 
what you already know and what you would like your students to learn about the EarthCache™ 
location. Some potential questions are listed below.

Location and Physical Characteristics:1. 
Where is the EarthCache™ site you want your class to study?a. 

What is it a part of?b. 

What are the physical characteristics of the place (rocky, sandy, hot, cold, humid, dry)?c. 

What is the quality of the water, soil, and air (good or bad)?d. 

Population and Culture:2. 
Is there evidence of human activity at this location?a. 

Do people live close to or far from the EarthCache™ location?b. 

How have people used the EarthCache™ site in the past?c. 

How have humans changed the landscape around the EarthCache™ location?d. 

Economic and Land Use:3. 
What types of resources are located near the EarthCache™ site (reservoir, power plant, a. 
dams, highways, airports, landfills)?

Is it near or in a recreational area? b. 

History:4. 
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compare student work to the actual coordinates you (the teacher) have determined, iii. 
and

after the coordinates exercise, have students study the topographic map and iv. 
brainstorm reasons why they will be visiting this particular EarthCache™ site.

Predicting Change Over Time2. 
At an EarthCache™ site:a. 

after students have achieved the goal of your EarthCache™ site lesson, have students i. 
discuss what kinds of factors might cause change in the area (climate, seismic activity, 
human/environment interaction, movement of human or animal populations, etc.).

using what they have learned or already knew about the area, have students predict ii. 
how this area might change over various ranges of time.

1. 50 years
2. 100 years
3. 1,000 years
4. 10,000 years
5. 1,000,000 + years

Geography and Local History3. 
After students have studied the events of a famous battle, for example, create an a. 
EarthCache™ of the site (e.g. Gettysburg) addressing what Earth-based phenomena were 
contributing factors to the outcome of the battle.

In groups, have students write about different areas of the battlefield and explain how i. 
the lay of the land (rivers, valleys, hills, outcrops), weather, climate, and timing (day 
or night time) influenced the progress of the battle in that particular area.

Extractable Resources4. 
Create an EarthCache™ site where resources are being mined, grown and harvested, or a. 
caught.

Have students survey the site and predict the sustainability of the site and/or resource.i. 

Have students explain how the extraction of this resource influences the quality of ii. 
local human life. 

If the site is not being sustained, but has the potential for sustainability, direct iii. 
students to construct a written sustainability plan.

Natural Disaster5. 
Create an EarthCache™ site where a natural disaster has taken place.a. 

Students will analyze the nature of the disaster.b. 

What Earth related conditions needed to be present for this disaster to occur?i. 

Why did it occur when it did?ii. 

What immediate effect did it have on who or what?iii. 

If the event occurred a long time ago, what have been the lasting effects?iv. 

Were there any beneficial effects of this event?v. 

What is the potential for this kind of event to occur again at this site? What are the vi. 

for writing these notes. Online searches might also yield information as well as visits to local 
libraries or visitor centers. EarthCache™ sites must be educational, providing accurate, but 
simple explanations of what visitors will experience at the site. The educational notes must be 
written to a reading age of an upper middle school (14-year-old) student. Please read Appendix 
A for additional guidelines and instructions for the creation of an EarthCache™ site.

Develop Logging Requirements
Every EarthCache™ site needs a way to test that the visitors have learned something by going to 
the site. The visitors’ experiences are what they record in their log. Just saying they have been to 
the EarthCache™ site, or even posting a photograph, is not enough. We suggest the following 
ways to have people log their visit:

Have them provide an answer to a question about the site, such as the estimated size of some 1. 
object (like the size of a boulder, crystal, waterfall, etc.).

Have them provide the answer to a question that they can find on some preexisting signage.2. 

Have them provide a hypothesis for why a feature exists at that location (e.g. Why do you 3. 
think the waterfall has two drops rather than one drop at this location?). 

Have them compare and contrast this site with another EarthCache™ site that you have 4. 
developed. If you do this, visitors must be informed in your text that they must have visited 
both sites in order to log their visit(s).

Geocaching members log any cache they have visited online. They must open the cache they 
have visited, where there is a link in the top right corner that reads, “Log your visit”.  Simply 
click on the link, type in the information required for the log as indicated in the cache text, and 
submit. An email will be sent directly to the cache owner. If a visitor does not correctly submit 
the log requirements, the owner will contact the visitor via email.

Submit Your EarthCache™ Site for Approval
Now that you have developed your EarthCache™ site in accordance with the EarthCache™ Site 
Guidelines, the process is easily completed by following the steps for submittal set forth on the 
EarthCache™ Web site. 

Develop Student Activities
Once your EarthCache™ site is online, you may wish to develop specific activities for your 
students to complete during their visit. The activities should guide your students toward 
completion of the educational goals you have identified.

Possible Student Activities Utilizing Teacher-Developed EarthCache™ Sites
Latitude/Longitude Refresher Exercise1. 

In the classroom:a. 

give students latitude and longitude coordinates of the EarthCache™ site you plan to i. 
visit,

provide students a paper topographic map of the area containing the EarthCache™ ii. 
location and have them physically plot the coordinates on the map,
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Evaluation Tools
The process of creating your EarthCache™ site for the classroom is nearly complete. It is now 
time to assess your students’ mastery of the educational goals upon which your EarthCache™ 
site is based.

There are numerous ways to assess students and evaluate whether or not they have mastered 
educational goals using EarthCaching. The assessments that you develop will vary depending 
upon the lesson’s objectives, educational goals, and student activities. In each case, expectations 
should be clear and a rubric or other scoring guide provided (see Appendix C).

Examples:
Journal Entrya. 

Reflection Questionsb. 

Traditional Written Testc. 

Laboratoryd. 

Field Manuals and Assignmentse. 

Mathematical Computation and Measurementsf. 

Assessment in which the students are required to use the skills they have learned during g. 
their EarthCaching experience to navigate a scenario-based exercise

Pre-existing EarthCache™ sites may already have attached lesson plans that educators have 
developed for the site. Check the EarthCache™ Web page for educators for additional ideas 
and evaluations.

Submit Your EarthCache™ Site Lesson Plan
Once your lesson plan and evaluations for students are complete, you can submit them to the 
EarthCaching site for use by other teachers. At the www.earthcache.org

Web site, open the “EarthCache™ for Teachers” page. There you will find directions for 
submitting your lesson plans for your specific EarthCache™ site. You may also do this when 
you submit your EarthCache™ site for approval.

Sample Procedure for Teacher-Developed EarthCache™ Site

Developing the Dinosaur Ridge EarthCache™ Site

The following is an example of an actual EarthCache™ site in Colorado and the development 
process that led a teacher to develop it for her Earth science class. 
(Site: www.geocaching.com/seek/cache_details.aspx?wp=gcmqgg)

Identify Objectives 1. 
The objectives for the Earth science class for which EarthCaching will be used are:  a. 

Students know and understand longitude and latitude, maps, GPS technology, and i. 
computer/Web site use. 

implications of a similar disaster?

Physical Observations of the Site6. 
In Florida school districts, students complete the following activity when visiting an 
EarthCache™ location (from the Florida Geographic Alliance):

Observation Data Collection Sheet

a. Date of Visit: ___________

b. Observer’s/Group Name:  ________________________________________

c. Weather Conditions: Sunny_____  Cloudy_____  Rainy______
 Hot_______  Cold_______  Humid_____

d. Location and Comments: Absolute Location________
 Relative Location_________

e. General Topography:  ___________________________________________

f. Land Use:

1. Human Alterations:  ___________________________________

2. Nearby Uses:  _________________________________________

3. Disturbances:  ________________________________________

g. Vegetation/Comments:  _________________________________________

h. Water/Comments:  _____________________________________________

i. Birds/Comments:  _____________________________________________

j. Insects/Comments: _____________________________________________

k. On the page below, please sketch what you see, hear, smell, and feel at the EarthCache™ 
location you are visiting (if appropriate).
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supervise students during the trip, warn them about the narrowness of the road.

Develop a Content Explanation of EarthCache™ site5. 
Visit actual field site and record the latitude and longitude waypoints at each of the a. 
important locations. Based on text and previous knowledge, it was determined that 
the EarthCache™ site would include waypoints for the following geologic phenomena: 
Dinosaur bone fossils at type section; Brontosaurus bulges in sandstone; white ash layer; 
spherical concretion (although this is not significant to the objectives); ripple marks; and 
dinosaur tracks. These points were all logged, and the EarthCache™ site was submitted 
with text explaining the geology based on the information found concerning the site. 

Develop Logging Requirements6. 
Logging requirements should involve making sure the visitor is receiving some education a. 
at the site. The logging requirements at this site involve submitting a picture and 
answering three questions related to the site: “To LOG this site, please submit a picture in 
front of one of the features and submit answers to the following questions: 

About how far apart are the Brontosaurs’ (Apatosaurus) footprints (on average)? i. 

How old is the white ash layer, according to the explanatory text in front of it? ii. 

Are the dinosaur bones at stop 2 older or younger than answer 2? (Think about the iii. 
layers and their position relative to each other).” 

Submit EarthCache™ site for Approval7. 
The Dinosaur Ridge EarthCache™ site was submitted in accordance with the a. 
EarthCache™ site guidelines ( www.earthcache.org). The process was easily completed 
by following the steps set forth in the introduction section of this text and at www.
earthcache.org. Approval of the EarthCache™ site was received and the site immediately 
went ‘live’ and was used in the classroom.

Assessment/Evaluation8. 
Students completed activities on mapping using latitude and longitude. They visited the  

www.earthcache.org site to see the Dinosaur Ridge EarthCache™ site they would be 
visiting.

Mapping the Trek (Thinking Spatially)a. 

In class, conduct a few classes on freehand mapping.i. 

Review and require map elements:ii. 

1. Title
2. Orientation
3. Date
4. Author
5. Legend
6. Scale
7. Index
As practice, students will create a detailed map of a (small) area familiar to them using iii. 
all the elements listed above.

Before navigating to Dinosaur Ridge, give each student a piece of blank grid-paper iv. 
(2x2 cm squares).

As students begin navigating their way to the site, instruct them to draw a detailed v. 
map of the route using GPS waypoints and personal observation. They must use all 
map elements listed above. Also, using the elevation feature on their GPSr to create 

To develop in students an understanding that Earth as we know it today has developed b. 
over long periods of time, through the continual process of change. 

An understanding of how life has evolved over time in a record preserved in sedimentary c. 
rocks. 

Identify Educational Standards/Learning Expectations2. 
Colorado State Science Standards:  a. 

Standard 4.1: Students know and understand the composition of Earth, its history, i. 
and the natural processes that shape it. Benchmarks (5–8): explaining how fossils are 
formed and used as evidence to indicate that life has changed through time; modeling 
natural processes that shape Earth’s surface (for example, weathering, erosion, 
mountain building, volcanic activity); 

Standard 5: Students know and understand interrelationships among science, ii. 
technology, and human activity and how they can affect the world. Benchmark (5–8): 
describing how people use science and technology in their professions (scientists can 
use GPS to pinpoint locations of phenomenon). 

Colorado State Geography Standards: b. 

Standard 1.1: Students know how to use maps, globes, and other geographic tools to i. 
acquire, process, and report information from a spatial perspective. Benchmark (5–8): 
explaining the characteristics and purposes of and explaining differences among maps, 
globes…; interpreting and constructing maps…

Standard 1.2 Students develop knowledge of Earth to locate people, places, and ii. 
environments. Benchmark (5–8): locating places using latitude and longitude.

Standard 3.1: Students know the physical processes that shape Earth’s surface patterns. iii. 
Benchmark (5–8): describing the consequences of physical processes on Earth’s 
surface.

Identify Goals3. 
The goals for this visit will be: a. 

to understand maps and use latitude and longitude to locate significant outcrops i. 
displaying Earth processes. 

to understand how sedimentary rocks form in horizontal layers with youngest on ii. 
top, oldest on bottom (Law of Superposition) and how tectonics or erosion may 
cause these layers to be exposed. Students have already studied this and will use the 
opportunity to observe this law in the field.

to observe how fossils are preserved in sedimentary layers and how the ages of these iii. 
fossils can be estimated relative to one another. 

Select a Location:4. 
Site was chosen based on previous knowledge from a field trip to the Dinosaur Ridge a. 
Visitor’s Center and a GSA field trip to the area. Materials from the Friends of Dinosaur 
Ridge (A Field Guide to Dinosaur Ridge by Martin Lockley) and from a 2002 GSA 
Annual Meeting Field Trip “Geological Reconnaissance of Dinosaur Ridge and Vicinity” 
field book were used to make the EarthCache™ site and student activity.

Ensure access and/or get permissionb. 

Site has public access, but traffic can be dangerous. Enlist additional adults to i. 
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contour lines, if possible.

To assess, compare students’ maps to a published 1:24,000 scale map of the area to see vi. 
how accurate their rendering is. If map is not available, reference www.terraserver-
usa.com and enter coordinates provided in decimal minutes. TerraServer will provide 
aerial and topographic maps at this site. Also, check for detail with students’ use of 
map symbols.

Create a Side-Profile Map of Dinosaur Ridgeb. 

Locate a 1:24,000 scale topographic map of the Dinosaur Ride area.i. 

Create a line graph only with the “Y” values filled in. The values for “Y” coincide with ii. 
the elevation values on the topographic map from lowest to highest.

Place the line graph below the map, trace light vertical lines from the elevation contour iii. 
to its corresponding value line on the map and then draw a dot at that point on your 
graph.

After you have “connected” the contours to the values, you will have a series of dots iv. 
that you can then connect, which will in turn give you a side-profile drawing of 
Dinosaur Ridge.

For detailed instructions on creating side profile maps, go to the excellent site  v. 
www.interactive2.usgs.gov/learningweb/teachers/volcanoes_download.htm, and see 

lesson 2 on volcanoes. This is a great visual instruction for drawing side-profile map. 
Another good site is: www.geology.isu.edu/geostac/Field_Exercise/topomaps/topo_
profiles.htm. 

After the map is drawn, direct students to place markers on their maps, indicating vi. 
where (1) the major rock layers are located and (2) where the major features are 
located; for example, where the dinosaur bones, Brontosaurus Bulges, the ash layer, 
the large concretion, the ripple marks, and the large collection of dinosaur footprints 
tracks are located. Have them label or key the symbols on their maps. An excellent 
resource for this activity is a stratigraphic column of the area showing the relationship 
between the various rock layers.  

Compare Ages of Features – Wrap Up and Understandingc. 

After the first two activities are completed, have students compare the relative ages of i. 
the features seen at the site. 

Have them write a short history of the area concerning only the features mentioned ii. 
(i.e. dinosaurs died and bones quickly covered to form fossils; then much later an 
Apatosaurus walked on wet sand, leaving large depressions in the sediment that were 
preserved, etc…).
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3
Chapter

Student EarthCache™ Site Development
Now that you have practiced EarthCaching yourself, you might want to 
design lessons that engage students in creating their own EarthCache™ 
sites. In this type of project, learners or teams of learners develop 
EarthCache™ sites either as stand-alone caches or as part of a larger 
class-themed project. The primary audience for these caches would be 
the students themselves or members of the local community. However, 
projects that meet the criteria for an official EarthCache™ site could still 
be submitted for publication at www.earthcache.org. The template 
provided in Appendix A may be used by students to guide development 
of their own EarthCache™ sites for the classroom, or to prepare them 
for possible submission to the EarthCache™ Web site.  Students will 
need access to research materials about the location in order to write 
up their educational notes. This may involve visits to local libraries or 
Internet access. Local geology field trip guides from a nearby university, 
college, or geology museum may also be useful. 
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Community EarthCache™ Sites 

In developing Community EarthCache™ sites, learners investigate an issue of concern to the 
local community, publicize some element of the issue through the EarthCache™ site, and 
propose a potential solution to the problem. These types of caches could be either stand-alone 
or connected caches.

For example:

Students might investigate the issue of combined vs. separated storm water/sewer systems. 1. 
Teams of learners might create an EarthCache™ site at the location of a combined sewer 
overflow, those places where raw sewage occasionally enters the local water system, and 
describe the Earth system affected at the location. 

Alternatively, students might create an EarthCache™ site at the location of a local or regional 2. 
landfill. Such a cache might describe the geologic formations or soils at these locations and 
describe the processes that created or deposited them. 

Publishing
Whether or not a student-developed EarthCache™ site meets all the publishing requirements 
of an “official” EarthCaches™, it remains critical that students present and publish their work 
in some way. The work the student completes constitutes a potentially valuable teaching tool 
for you as the instructor as well as a learning tool for other teachers and students. Individual 
instructors will define how the local EarthCache™ sites will be published. These may include 
strategies as simple as student posters and handouts or as interactive as PowerPoint presentations 
or local Web sites. Listed below is a broad range of alternative publication strategies.

Intranet

Many schools have a school- or district-wide intranet for use by teachers and students. An area 
can be set up on the intranet to display the student-generated EarthCache™ sites. Such a site 
could be as simple or elaborate as time, skill, and interest allows. If the school or district has 
a technician with interest or students with an aptitude in managing online sites, additional 
functionality can be offered such as keyword searches on the content of the local EarthCache™ 
sites developed by students. Teachers should consider, however, whether there are an abundant 
number of possible EarthCache™ sites within reach of the school. This may affect publishing if 
the teacher wants to use the sites for subsequent yearly classes.

Teacher Web Site

The same technique used in intranet posting can be used to post local EarthCache™ sites to 
your own teacher Web site that students and/or community members might access. Set up a 
page where students can scroll through the various local EarthCaches™ and learn about their 
community through the eyes of their peers.

PowerPoint

An interactive PowerPoint presentation is a powerful tool to present local EarthCache™ sites 
developed by students. Students can design a series of PowerPoint slides that include the 
different sections of the local EarthCaches™. There can be links on the slides that include video, 
jpg images, and even sound clips that enhance the description of the area of the EarthCache™ 
location. If other students will be able to view the PowerPoint independently, text can be added 

How to Use Student EarthCaching in Your Classroom

Creating EarthCache™ Site Themes
Student-developed EarthCache™ sites could take many forms and meet many instructional 
objectives. Listed below are three major types of student-developed EarthCache™ sites that you 
might be interested in having your students try.

Content EarthCache™ Sites

This type of EarthCache™ site relates directly to topics that learners may be exploring in formal 
class instruction. Students demonstrate understanding of the content by developing local 
EarthCache™ sites related to this material. This is the most immediate way that students can 
connect their classroom to their world. Concepts introduced in an Earth science or physical 
geography class can be explored in the students’ immediate surroundings. 

For example:

Learners investigating geologic time or stratigraphy may develop a project similar to Red 1. 
Rocks EarthCache™ Site ( www.geocaching.com/seek/cache_details.aspx?wp=gcmqgg). 

Students studying coastal features might develop EarthCache™ sites related local bays, 2. 
estuaries, and Earth processes occurring there. 

In many northern regions, students can easily find and cache evidence of glaciers. 3. 

In urban settings, students can search for geologic aspects of building stone. 4. 

Connected EarthCache™ Sites 

In this type of EarthCache™ site, learners or teams of learners develop caches that are linked 
spatially and/or thematically. For example, learners might develop EarthCaches™ at various 
locations along a river course to observe seasonal changes of a shoreline. 

Connected EarthCache™ sites consist of a series of locations that illustrate a particular Earth 
system concept or changes in a concept throughout a specified spatial area. If your community 
has nature trails, a stream, or even just a road running through it, a series of connected caches 
are a possibility.

To begin creating connected EarthCache™ sites you must identify what concept occurs in more 
than one location in your area. An example could be soils. If your area contains several different 
types of soil exposed in accessible areas, you could link them together into a series of caches, 
giving a broader understanding of soils in your area.

Your next step would be to write up the EarthCache™ sites so that each is significant on its 
own, but also becomes an integral part of the broader concept you are investigating. As in 
the soils example, learners could describe the chemical components of the soil at a particular 
site. By exploring other students’ caches, learners could discover how soils differ and compare 
how they were created. This would provide a better understanding of the soils of your area. 
Similar strategies can be applied to investigations of water and water systems, historic areas, or 
economic conditions.
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may simply analyze the project using the provided checklist to confirm that all the elements of 
a publishable project are present, and then submit the project for consideration. If the project 
is accepted, it is successful. If the project is rejected, it will need to be revised and improved 
until it meets all requirements for publication.

Content Specific Assessment

Student-developed EarthCache™ sites may also be evaluated based on attainment of local 
standards and content objectives. Such evaluations would require locally developed rubrics 
defining the desired outcomes and the tasks that would be considered evidence of their 
attainment. 

Peer Assessment

Learners might also be encouraged to assess and evaluate each other’s performance. This 
evaluation could take place both within and between groups. 

Intra- and Intergroup Assessment 

Intragroup assessment might consist of providing team members an opportunity to constructively 
evaluate the performance of other members of the team. This could be done formatively, during 
the project, as a means of improving cooperation and collaboration skills while producing a 
superior product. It might also be done summatively, at the conclusion of the project as a 
means of evaluating the effectiveness of each team member’s level of contribution. An example 
of a peer assessment rubric is provided in Appendix C of this document.

Intergroup assessment might also consist of teams of learners attempting to carry out other 
teams’ EarthCache™ sites. Evaluation could address both mechanical and content questions. 
Are the directions adequate? Is it possible to complete the investigation successfully? Is the 
learning outcome appropriate to the content under consideration? Is the learning meaningful 
and engaging? Again, this type of evaluation would benefit from the use of locally developed 
rubrics.

The following link will take the user to an online ‘toolbox’, The Authentic Assessment Toolbox, 
that offers assistance and support to teachers wishing to explore strategies and develop 
rubrics and other tools designed to assist with the evaluation of EarthCaching projects:  

www.jonathan.mueller.faculty.noctrl.edu/toolbox/.

EarthCache™ Masters Program
Students who really enjoy EarthCaching and continue to pursue the activity on their own can 
also be made aware of the EarthCache™ Masters Program.  This GSA program gives them an 
opportunity to earn a physical reward for visiting EarthCache™ sites — an EarthCache™ pin. 
There are four EarthCache™ Master Levels and four pins to earn. Details of the program can 
be found in Appendix F.

to inform readers about it. If the PowerPoint is going to be presented, the text portions will 
need to be very short bullet points, and the local EarthCache™ student developer will need to 
“teach” their peers the parts that are not graphic or auditory. If students choose this method, 
do remind them that audiences do not like to read PowerPoint slides; they prefer the presenter 
tell them about the materials.

EarthCache.org Database 

Students who meet the official EarthCache™ logging requirements can be encouraged to 
submit their projects for review and posting as part of the international EarthCache™ database. 
Such posting would unquestionably meet the criteria for authentic assessment. Be certain that 
students have read and understand the official submission requirements. Approximately 60% 
of first submissions are rejected due to failure to comply with one or more of the official 
requirements. 

It should also be noted that only one EarthCache™ site is allowed at each particular location. 
Learners interested in posting on the international Web site should confirm before beginning 
work that no EarthCache™ currently exists for the proposed cache site. Likewise, if multiple 
teams of investigators intend to create EarthCaches™ for the same location, you might encourage 
them to work cooperatively to develop a single EarthCache™ site.

Finally, you should also be aware of the need to supervise the listings that are accepted for 
publication on the EarthCache™ site. Supervision consists of approving logging requests from 
individuals who have visited the cache and responding to inquiries from visitors. Students may 
be expected to supervise their own EarthCache™ listings or you may consider taking on this 
responsibility yourself. If a site is not properly supervised, the Web site management reserves 
the right to archive the listing until such supervision is in place. Please note that there is a 
“firewall” between the EarthCache™ supervisor and other individuals accessing the Web site. 
In other words, other users are not able to contact the EarthCache™ supervisor directly through 
personal email. Make it clear, however, that no personal information should ever be included 
in an EarthCache™ site since it is accessible by the outside world.

Authentic Assessment Strategies
Student involvement with EarthCaching projects may be evaluated in a number of ways. 
These may include traditional, knowledge-based assessments based on the content material 
addressed in the assignment. Projects are also candidates for constructed response and essay-
based assessments. As collaborative, project-based learning experiences, EarthCache™ sites also 
lend themselves to rubric-based evaluation and authentic assessment.

The latter consists, in its essence, of asking learners to demonstrate the knowledge or skill 
defined as the expected learning outcome. Most often, this learning is assessed using a rubric 
that specifies what the learner is to be able to do or know by the end of the activity. Authentic 
assessment also frequently demands the development or creation of a product of some sort. 
Many elements within a student-developed EarthCache™ site project lend themselves to 
authentic assessment strategies.

General Assessment 

The most elemental form of authentic assessment involves evaluating whether or not the project 
meets the standards of a publishable EarthCache™ site. After completing a project, learners 
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Checklists for Student-Developed  
EarthCache™ Site Projects

Field Checklist
r GPS receiver (at least one)

r Extra batteries

r Topographic map

r Notepad or clipboard with paper

r Pencils 

r What you need to be comfortable in the field

o Appropriate clothing

o Hat

o Water

o Sturdy shoes

o Sunscreen

o Bug repellent

o Watch (coordinate time to meet if necessary)

o Plastic bags to cache in, trash out

Assignment Checklist
r Copy of assignment criteria

r EarthCache™ site form

r Background information needed for understanding the site
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4
EarthCaching  
When You Can’t Leave Campus
Even if you cannot leave your campus, elements of EarthCaching 
will:

transform the way you teach maps and map reading. Students •	
will have a reason to learn about coordinate systems, latitude and 
longitude, and navigating to locations on the surface of Earth,

provide an efficient way for your students to visit sites of interest •	
on your campus,

allow you to make online visits to locations of interest beyond your •	
campus, and

allow you and your students to collect geospatial data to drive class •	
discussions and lessons.

Aspects of EarthCaching in the classroom can be used with varying 
levels of access to technology, from a single computer and printer to 
complete computer labs and anywhere from none to a full class set 
of GPS receivers. Lessons can be as brief as part of a class period, or 
extend across an entire unit of study.

Chapter
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more EarthCache™ sites each. Caches should be an actual location involving Earth science 
education, whether a stream, soil, erosional feature, rock outcrop, etc. Some suggestions for 
features in an EarthCache™ site that will not be submitted to GSA:

Geologic features (stream and stream features, rock outcrops, evidence of glaciation, mass a. 
wasting, etc.).

Geographic/landscape features (hills and valleys, faults, streams, soils, roads and buildings, b. 
swamps, meadows, fields, forest, land use, etc.).

Using the lesson plan EarthCaching the Campus as a template, create a campus 3. 
EarthCaching lesson. Simply overwrite the existing text with your information where 
appropriate. Better yet, have your students create lessons for each other!

Develop an EarthCaching Orienteering Tour
The geocaching exercise in Appendix B (“Geocaching”) was featured in the regional Science 
Olympiad competition in SE New York in February of 2005, and is provided solely as an 
example. While that competition included physical geocaches, the concept can be modified to 
include virtual EarthCache™ sites, rather than physical geocaches.

This type of lesson serves the dual purpose of preparing your team for the Science Olympiad 
if your school participates.

Develop a Real EarthCache™ Site
If your campus has actual features that could be used to create acceptable EarthCache™ sites, 
provide students with the EarthCache™ template and follow the instructions in Chapter 3 
(Student EarthCache™ site Development). If your campus is closed, however, it cannot be 
accepted for publication on the EarthCache™ Web site. You also may not want to submit the 
EarthCache™ so that you can have classes in subsequent semesters develop it themselves. 

Using EarthCaching Without a GPS Receiver

Using Existing EarthCache™ Sites
If only the teacher has access to a computer, EarthCache™ sites can be used as printouts. After 
the teacher selects the objectives for the lesson, EarthCaches™ that fit the objectives can be 
selected and printed out. Students can work individually or in groups to map and study the 
sites. See the following lesson, Sample Lesson 1 – Erosion.

If the teacher has access to a computer projector, the class can visit the sites online. If only 
a traditional overhead projector is available, the sites can be printed on a transparency and 
viewed using the overhead.

If the students have computer access, sites can be assigned based on the lesson objectives. 
Students can visit the site online and do further research.

Mapping Activities to Meet State and National Standards
Students can research online at www.earthcache.org or from printouts provided by the 

EarthCaching with a GPS Receiver on Campus

Develop a Campus EarthCache™ Site 
A campus EarthCache™ site that you develop can be used as a way for your students (and 
perhaps their families!) to experience an EarthCache™ without needing a field trip. Follow 
the directions for developing an EarthCache™ site in Teacher EarthCache™ Site Development 
(Chapter 2), but do not submit it. Use the EarthCache™ site only for your classes. Simply use 
the template in Appendix A or the lesson plan EarthCaching the Campus in Appendix D.

Use the Introduction of this document to familiarize yourself with geocaching and EarthCaching. 
Browse several EarthCache™ sites, searching by location or classification. As you read, think 
about how you might incorporate actual EarthCaches™ or aspects of EarthCaching into your 
lessons.

Familiarize yourself with the operation of your particular GPS receiver. In particular, learn 1. 
how to input waypoints, and how to navigate from a place to a waypoint.

Search your local area for existing EarthCache™ sites (go to 2. www.earthcache.org) and visit 
them if you can. It will give you practice in using your GPS unit, give you an idea of the time 
required to find a cache, and you’ll see how the creator of the EarthCache™ used the site to 
develop a logging question or activity related to the site.  You can also see if there is a lesson 
plan for students already developed for the site.

If there is no EarthCache™ site nearby, widen your search to include all geocaches in a. 
your area, and if you find one, visit it!

If there is no EarthCache™ site or geocache near you, that’s OK. If you have an idea b. 
for one that you could submit (see Teacher EarthCache™ site Development, Chapter 
2), do it! Your students will be interested in seeing a local site featured online, and it 
will pique their interest in the technology and process of finding and learning from 
EarthCache™ sites.  Remember, GSA cannot accept an EarthCache™ site on your 
school campus if it is a closed campus.

Look at the lesson developed by a teacher in New York State (EarthCaching the Campus) in 3. 
Appendix D and at the list of other ideas for local EarthCaching in Chapter 2.  Then begin to 
create your own lessons or activities scaled to your needs and constraints.

Creating a Cache Tour on Campus
Provide students with classroom instruction in GPSr use. The tour can simply be an exercise 
in GPSr use:

Provide students with blank EarthCache™ submission forms (Appendix A).1. 

Send students into the “field” (your campus), having groups or individuals collect one or 2. 
more caches each. These practice caches may be something as simple as lampposts, positions 
on playing fields, particular parking spaces, fence lines, signage, etc.  Make students aware 
that a practice cache is not an EarthCache™ since there will not be educational information 
about something related to the Earth.

The tour can be a genuine EarthCaching exercise:

Provide students with the blank EarthCache™ site submission form template (Appendix A).1. 

Send students into the “field” (your campus), having groups or individuals collect one or 2. 
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EarthCaching without Leaving the Classroom Sample Lesson 1 - Erosion
Objective: The student is able to describe the ways in which Earth’s processes are dynamic and 
interactive. (National Geography Standard 7.D)

Essential Questions: What causes erosion? How does erosion change the face of Earth? 

Time: 1-2 class periods

 Materials: 
Printouts of EarthCache™ Web pages from 1. www.earthcache.org, including several that 
represent physical weathering (Pompey’s Pillar, Garden of the Gods, Castles in the Air, Tyssoy #4, 
Doane Rock, Hickory Run Boulder Field, and Marsden Rock), and several that depict chemical 
weathering (Ensor Sink, That Old Sinking Feeling, Lost River, and Desert Varnish). Be sure to 
print pictures of each EarthCache™ site along with the text.  EarthCache™ sites can be found by 
searching through the titles alphabetically.

World maps with global grid, one for each student 2. 

Colored pencils, paper, textbooks, dictionaries3. 

Procedure: Students will work as partners, then in small groups to complete the lesson. 
Evaluations will be done individually.

Think/Pair/Share: Have students individually write down what they know about erosion, and 1. 
then discuss this with a partner. Each pair should create a list of 3-5 things they believe cause 
erosion. Have the pairs share their list with the class, writing the causes on the board. 

Help the students divide the types of erosion mentioned into groups based on chemical or 2. 
physical weathering. Tell them they will be using EarthCache™ sites to explore how erosion 
changes the surface of Earth and its causes.

Divide the class into groups and pass out a map to each student and four EarthCache™ 3. 
site handouts to each group, being sure to include at least two of each type (physical and 
chemical). Instruct the students to mark the location of each of their EarthCaches™ on their 
map, using the latitude and longitude of the cache. Then they are to complete the questions 
below for each EarthCache™ site.

Evaluation: Each student will pick one example of physical weathering and one of chemical 
weathering. For each type, the student will create a picture timeline of before, during and after 
the weathering to show how the process has changed the Earth. Have the students continue 
to the timeline into the future to predict what might happen.  Students share their timelines 
with the class.

Questions: Answer these questions for each EarthCache™ site.

What is the name of the EarthCache™ site?1. 
Where is the EarthCache™ located? (continent, country, name of nearest city)2. 
Is this cache in a national park or other state-protected area?3. 
What words used in this EarthCache™ listing did you have to look up in the dictionary? 4. 
What do they mean (in your own words)?
Briefly explain the erosion process at this cache and how it has changed the landscape.5. 
Is the process physical or chemical? Explain.6. 

teacher to find the latitude and longitude of various formations and locate these on maps 
provided by the teacher. This can lead to discussions about why the features are in particular 
locations. It could also prompt discussions about the reliability of data – are these locations 
accurate (yes), are these all the locations where this feature would be found (no), and the reason 
why (not all places like this have an EarthCache).

Have students mark the location of EarthCache™ sites on a world map mounted on the wall to 
help them learn to use latitude and longitude. They could locate the latitude and longitude of 
the caches online or from teacher-provided handouts.

Use EarthCache™ Sites to Study Features of Earth
EarthCache™ sites contain a wealth of information about geographical and physical features 
of the landscape.  Existing EarthCaches™ can be sorted by classification, to find locations that 
contain specific features, such as glacial formations or caves. See Sample Lesson 2 - Glaciers. 

Students Create EarthCache™ Sites of Places around the World
This type of lesson would be for classroom use only, enabling students to research various 
places and physical phenomena around the world.

To study change over time, students could research glacial coverage of North America, and 1. 
create connected EarthCache™ sites for the leading edge of a glacier at various time periods.

Students could research and create caches documenting the changes in the course of a river.2. 

EarthCaches™ could be created to study historical events, such as the Industrial Revolution. 3. 
See Sample Lesson 3 – Industrial Revolution

Students could create EarthCaches™ to learn about physical features such as wetlands, fossil 4. 
beds, or mountains.

X
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EarthCaching without Leaving the Classroom  
Sample Lesson 3 - Industrial Revolution
Objective:  The student should understand the causes and consequences of the agricultural and 
industrial revolutions, 1700-1850. 

Essential Questions: How did the local deposits of coal affect the development of industry in 
England?

Time: 2 to 3 periods

Materials:
Computers for students1. 
Access to the Internet2. 
GoogleEarth to locate coordinates (to download visit 3. www.earth.google.com/)

Procedure:

Students will research the coalfields around Manchester to learn about the beginnings of 
the Industrial Revolution. They will use GoogleEarth to locate the coordinates for a mine in 
Lancashire, England. The links and essay below might also be useful in research.

Evaluation: Students will create a virtual EarthCache™ site for a coalmine. 

GoogleEarth: 53˚ 38’ 39.05”N, 1˚ 37’ 08.36” W   

The following excerpt is from The National Coal Mining Museum at: www.msim.org.uk/
uploadedDocs/Document_Depository_01/The%20Manchester%20Coalfields.doc

The Manchester Coalfields

The Museum holds the Lancashire Coal Mining Collection, which was previously held 
at the Lancashire Museum of Mining, Buile Hill Park, Salford. Much of the collection 
relates to the Manchester Coalfields.

In 1761, the Duke of Bridgewater opened the Bridgewater Canal to move coal from his 
mines at Worsley to the centre of Manchester. The Bridgewater Canal not only sparked 
the development of Manchester as the word’s first industrial city, it also encouraged the 
exploitation of coalfields to the west of Manchester. Coal was crucial to the growth of the 
cotton industry in Manchester as it fuelled the steam engines that drove textile machinery. 
Many shafts were sunk and the coal was transferred to the canal by tramway. Very large 
amounts of coal were extracted and deeper pits soon became necessary. The coalfields 
were extensively modernized between the 1890s and 1914. Many of the existing pits were 
deepened and new pits were constructed to very great depths. Some of the deepest pits 
remained in use until the 1960s. 

The economic depression of the 1920s hit the Manchester coalfields very hard. Many pits 
had already worked out their best coal and others were approaching the end of their reserves. 
The result was mass pit closures. By 1930, output from the Manchester coalfields was 15 
million tonnes while parts of the West Manchester coalfields had stopped production 
completely. 

EarthCaching without Leaving the Classroom Sample Lesson 2 - Glaciers
Objective: To increase student awareness of where glacial activity has occurred in the past and 
where glaciers are located today.

Essential Questions: Where were glaciers located during the last Ice Age? Where are glaciers 
located now? How are these locations different? 

Time: 1 period

Materials: 
Computers for students1. 
Access to Internet2. 
Printed (paper) map of North America for each student with global grid3. 

Procedure:

The students must log on to the Internet and go to www.earthcache.org. They should click 
on the ‘view EarthCache™ listings’ button. Next, the EarthCaches™ must be sorted based on 
classification by clicking on that heading. Have students go through the pages until they come 
to the glacial features EarthCache™ sites. They should select several from the U.S. and Canada 
to investigate, and should mark and annotate all these locations on their maps.  

The annotations should indicate what sort of features are at the site, and the time period when 
the features were created.

Have students observe where glaciers exist today using a program like GoogleEarth (to download 
visit www.earth.google.com/) or National Geographic MapMachine ( www.plasma.
nationalgeographic.com/mapmachine/index.html and click on satellite). Visit mountain areas 
and Polar Regions where glaciers or ice caps are clearly delineated.

Evaluation: Annotated maps should be marked correctly, with glacial features in the proper 
places.

Additional:

Have students come up with a hypothesis regarding glaciers and use EarthCache™ sites around 
the world to test their hypotheses.  Some guiding questions:

Do glaciers affect the culture of people living near them?1. 

Compare several highly glaciated areas (like the Midwest or northern Europe) to see if there 2. 
are any similarities in commerce, agriculture, etc.
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Manchester Coalfields Ltd was formed in 1929 to stem the decline of the coalfields. 
The new company was an amalgamation of the best of the existing mines and only a 
few mines survived outside of Manchester Coalfields Ltd. The enterprise was run by a 
young and enthusiastic general manager, Humphrey Browne. He worked hard not only 
to stop the decline in the Manchester coalfields but also to instigate improvements. At 
first, some collieries were closed but planned closures always took account of social effects. 
The company pursued a policy of mechanisation. In the first 16 years of the company’s 
existence the percentage of mechanically cut coal had increased from 17% to 98% with an 
annual output of 4 million tonnes. Mechanisation also affected the handling of coal and 
the use of ponies underground ceased in 1932. Workers at Manchester Coalfields Ltd pits 
were on average 1s 6d (7.5p) per shift better off than their colleagues at other pits.

Mining was a dangerous business. However, Manchester Coalfields was very generous in 
its provision of welfare facilities, such as pithead baths and canteens. It also had a very 
robust safety culture and saw training as a major priority. Mining was not just a brute force 
job; a great deal of intelligence was needed to do the job efficiently and safely. Some boy 
entrants had the opportunity to attend part-time education for up to four years at a local 
technical college and gain Mine Manager’s certificates. After 1942, provision was made to 
send boys to university. 

Production from the Lancashire coalfields as a whole had decreased to 12,500,000 tonnes 
by 1950 as the coal ran out. In the Manchester Coalfield Ltd pits production was down 
to 3,500,000 tonnes and it was recognised that the future of some of the collieries was in 
doubt. After nationalisation the National Coal Board progressively closed many of the older 
pits from 1958 onwards. The following decade saw the almost complete abandonment of 
the Manchester coalfields.

Other sites:

 www.ashton-under-lyne.com/coal.htm

 www.ncm.org.uk/index.asp

For more information, read:

Challinor, R. The Lancashire and Cheshire Miners. Newcastle-upon-Tyne, UK: 
Frank Graham, 1972.

Hayes, Geoffrey. Coal Mining. Princes Risborough, UK: Shire Publications Ltd, 
2000.

Hayes, Geoffrey. Collieries in the Manchester Coalfields. Eindhoven, NL; De 
Archeologische Pers, 1993.

Malet, Hugh. Bridgewater: the Canal Duke, 1736-1803. Manchester, UK: 
Manchester University Press
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A
Template – EarthCache™ Site  
Submittal Form
The following template is based on the form used on the EarthCache™ 
Web site www.earthcache.org while adding additional content-
related fields. By completing the template, EarthCachers will have 
gathered sufficient information to submit the EarthCache™ site for 
consideration on the international EarthCaching site, assuming it 
meets all criteria (see Official Guidelines following the form).

Appendix

X
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(Additional) Questions raised:

Long Description: A detailed description for your EarthCache™ site.

EarthCache™ Submission Form
Use this form in the field to prepare for an 
official EarthCache™ submission.

Review the Earth Caching Guidelines at 
www.earthcache.org (and appended to this 
document), and record your EarthCache™ 
site on the form below:

What is the NAME of your EarthCache™ site?

What are the COORDINATES of your EarthCache?

Use Map Datum WGS 84, and DD M.MMM format. Make sure you include compass 
directions: N (+) or S (-) for latitude, E (+) or W (-) for longitude.

Essential question:

What, specifically, do you want to learn, know, or teach others about this site?

Content connection:

How is this project connected to the curriculum? List specific national and state standards you 
expect this project to address.

Short Description: A sentence describing your EarthCache.

Data collected:

Data sources:

Latitude

:
Direction 
(N,S, +, -)

Degrees Minutes

Longitude

Direction 
(N,S, +, -)

Degrees Minutes

Your Name: .............................................

Date of Visit: ...........................................

Date of Formal  
Submission: .............................................
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Official Guidelines for EarthCache™ Site Submittal 
The official guidelines for submittal are subject to change and revision. Please always check the 
official guidelines on the www.earthcache.org Web site before proceeding with the submittal 
form. The following guidelines were current as of March 7, 2007.

EarthCache™ sites must provide Earth science lessons. They take people to sites that can help 1. 
explain the formation of landscapes or to sites of interesting phenomena such as folds, faults, 
intrusions or reveal how scientists understand our Earth (such as fossil sites, etc.) .

EarthCache™ sites must be educational. They provide accurate but simple explanations of 2. 
what visitors will experience at the site. Cache notes must be submitted and assume no 
previous knowledge of Earth science. The educational notes must be written to a reading 
age of an upper middle school (14-year-old) student. Additional technical or scientific notes 
can be provided for the scientific community. Please note appropriate place on the submittal 
form for the technical notes. All notes can be submitted in the local language, but must also 
be in English. 

EarthCache™ sites can be a single site, or a multiple virtual cache. No items, box, or physical 3. 
cache can be left at the site. 

EarthCache™ sites follow all the geocaching principles and adhere to the principles of Leave 4. 
No Trace outdoor ethics www.Int.org. Use waypoints to ensure cachers take appropriate 
pathways. Use established trails only. Do not create new trails to a site in order to concentrate 
use impacts. EarthCache™ sites will highlight the principle of collect photos — not samples. 
However, if there is no possible damage to a site which is outside of the public land system 
and approved by the site owner, small samples may be collected as part of the cache 
experience. 

Logging of EarthCache™ sites must involve visitors undertaking some educational task. This 5. 
could involve them measuring or estimating the size of some feature or aspect of the site, 
collecting and recording some data (such as time of a tidal bore), or searching and sending 
via email to the developer, some fact that they find from signage. Developers should try to 
involve visitors in learning from the site...rather than just logging a visit. Logs should show 
that the visitors have learned something by visiting your EarthCache™ site.

EarthCache™ sites developed on private and public land must have prior approval of the 6. 
landowners before submission. EarthCache™ sites developed in association with National 
Parks, National Forests, or other public lands are encouraged. These must have verbal or 
written approval with the appropriate land-managing agency. The name and contact details 
of the person from who you received approval MUST be given. 

All EarthCache™ sites will be approved by The Geological Society of America (to ensure 7. 
appropriateness of the site and educational standard of the notes). 

The Geological Society of America retains the right to edit, modify, delete or archive 8. 
any EarthCache™ site that does not adhere to these guidelines, or for any other purpose, 
including for the promotion of sponsors for the EarthCache™ program. 

For more information, please contact us at EarthCache@geosociety.org

Damage to the site, especially on public or private land, is unacceptable. Please be mindful of 
fragile ecosystems.

Educational task or question required of visitors.

Difficulty:
1 (easy) to 5 (hard)

Terrain:
1 (easy) to 5 (hard)

1 1.5 2 2.5 3 3.5 4 4.5 5 

Name and Type of land:
Name: 

Land Manager Name and Contact Information

1 1.5 2 2.5 3 3.5 4 4.5 5 

National Park

Local Park

National Forest

Private

National Monument

State Park 

Other
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B
GPS and Geocaching Lesson Plans
The following lesson plans can be modified for use by teachers in their 
own location.  Simply edit the latitude and longitude information to 
fit the area you are working in. The instructor will need to do a field 
reconnaissance of the area to be used in these GPSr activities, saving 
and recording the latitude and longitude of each waypoint to be used.  

Please remember that additional lesson plans will be posted by teachers 
like yourself on the www.earthcache.org Web site. Please check the site 
to find more and to share your own lessons.

Appendix

X
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Geocaching

Steve Kluge - Event Coordinator
In this competition, you will visit 5 geocaches 
placed around the campus. At each cache, you will find a plastic container (“A” containers are 
round, “B” containers are square) with the cache’s name and a symbol drawn on the plastic 
container.

When you locate a cache, BEFORE YOU TOUCH IT note very carefully the placement of the 
cache so you can return it to the EXACT location and position you found it in!  

Record the symbol and the time of your arrival in the appropriate space below.  One of the 
caches will contain a “Travel Mandrill” (a ‘travel bug’). Do what ‘geocachers’ do with travel 
bugs, and record the entry/entries you would leave at the cache(s) and online in the appropriate 
space(s) below.

Your search will be most efficient if you visit the caches in the order or reverse order they are 
listed below (i.e. start at the top and work down, or start at the bottom and work up!).

Finally, there are 5 questions relating to GPS and geocaching. Answer them as you travel from 
cache to cache, or you can answer them here when you return.

Lower Hudson Valley  
Regional Science Olympiad

Tuckahoe High School 
Eastchester, NY 

February 12, 2005

Time Symbol
UTM COORDS ZONE 18 

Map Datum NAD 27

6 16 412 E 45 69 787 N

Map Datum WGS 84:

Lat. 41.27264344463262

Long. -73.61105770196874

“Trashed” Time:

“1 Step at a Time” Time:

“Shhh…” Time

“Bright Idea” Time:

“Busted” Time:

Map Datum Latitude Longitude

Getting To Know Your GPS
The GPS unit is a wonderful tool for saving a location where something 
of geological or geographical importance exists.  You will practice 
saving waypoints in this exercise.  Use the coordinates given below to 
find your way to spots that have been located in this area. Give a short 
description of the locations, save a waypoint at each spot, and continue 
through the list. When finished, meet at the spot designated by the 
teacher.

Make sure that the GPS unit is on.  
Once the satellites have been found 
and you are ready to navigate, use 
the page button to the compass or 
navigation page.  Move around the 
area until the coordinates in the 
bottom of the GPS units match those 
on your worksheet.  If the “location” 
window does not show on the bottom 
of the compass page, use the toggle 
down buttons on the left side to switch 
between windows.  

Once you have reached each destination, save your waypoint by clicking 
and holding the “enter” button just below the toggle buttons until this 
screen appears. 

Then click the enter button one more time to save it.  Describe all the 
locations and return to this building by filling out the above table.

Make sure you are collecting coordinate information in decimal degree 
format.
© Roger Palmer, GISetc: Educational Technology Consultants, www.gisetc.com.  Used by Permission.

Waypoint # Describe this location Latitude Longitude
<Enter points 
to search for > 

<Enter points 
to search for >

X

GPS navigation team members: 
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Questions:
1. Using either NAD 27 or WSG84, report the given location of “Bright Idea” in Latitude 
and Longitude format DD MM.MMM. Make sure you indicate which map datum you are 
using.

2. What general compass direction would you have to travel to get from:

Zone 18 6 16 365 E 45 69 534 N to Zone 18 6 16 260 E 45 69 534 N

Answer: (2)

3. What is the exact, straight line distance (include units!) between

UTM Zone 18 5 99 845 E 45 32 734 N and UTM Zone 18 5 98 768 E 45 32 734 N

Answer: (2)

4. How does your handheld GPSr calculate/measure its distance from a particular GPS satellite? 
(0 - 5)

5. If measurements from 3 satellites can locate a single position on Earth, what is the purpose 
of the 4th satellite needed in order to ensure the accuracy of a position calculated by your 
handheld GPSr? (0 - 5)

6. When using differential GPS, what information does the “reference receiver” send to the 
“roving receiver”? (0-3)
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Collaboration Rubric1

1Unknown. The Collaboration Rubric. www.edweb.sdsu.edu/triton/tidepoolunit/Rubrics/collrubric.html

Beginning Developing Accom-
plished

Exemplary

1 2 3 4 Rank
Contribute Research 

& Gather 
Information

Does not 
collect any 
information 
that relates 
to the topic

Collects 
very little 
information 
- some relates 
to the topic

Collects 
some basic 
information- 
most relates 
to topic

Collects a 
great deal of 
information- 
all relates to 
the topic

Share 
Information

Does not 
perform 
any duties 
of assigned 
team role

Relays 
very little 
information- 
Some related 
to topic

Relays 
some basic 
information 
- most relates 
to the topic

Relays a 
great deal of 
information- 
all relates 
to topic

Be Punctual Does not 
hand in any 
assignments

Performs very 
little duties

Performs 
nearly all 
duties

Performs 
all duties 
of assigned 
team role

Take Re-
sponsibil-
ity

Fufill Team 
Role’s Duties

Does not 
preform 
any duties 
of assigned 
team role

Performs very 
little duties

Performs 
nearly all 
duties

Performs 
all duties 
of assigned 
team role

Participate 
in Science 
Conference

Doesn’t 
speak during 
the science 
conference

Usuially doing 
most of the 
talking- rarely 
allows other 
to speak

Listens, but 
somethimes 
talks too 
much

Listens and 
speaks a fair 
amount

Share 
Equally

Always relys 
on others to 
do the work

Rarely does 
the addigned 
work-often 
needs 
reminding

Usually does 
the assigned 
work-rarely 
needs 
reminging

Always does 
the assigned 
work without 
having to be 
reminded

Value Oth-
ers’ View-
points

Listen 
to Other 
Teammates

Is always 
talking-never 
allows anyone 
else to speak

Usuially doing 
most of the 
talking-rarely 
allowing other 
so speak

Listens, but 
sometimes 
talks too 
much

Listens and 
speaks a fair 
amount

Cooperate 
with 
Teammates

Usually argues 
with teammates

Sometimes 
argues

Rarely argues Never 
argues with 
teammates

Make Fair 
Decisions

Usually wants 
to have things 
their way

Often sides 
with friends 
instead of 
considering 
all views

Usually 
considers 
all views

Always helps 
team to 
reach a fair 
decision

Sum Total

Collaboration Assessment Score Sheet
Each group, meeting together, will evaluate the individual members of the team.  The team 
should reach consensus on a fair and equitable evaluation for each individual member of the 
team. If impasse occurs, the instructor should be invited to mediate.

Include a brief written statement below:

Time Member 
Name

Member 
Name

Member 
Name

Member 
Name

Contribute Research 
& Gather 
Information
Share 
Information

Be Punctual

Take Responsi-
bility

Fufill Team 
Role’s Duties

Participate 
in Science 
Conference
Share Equally

Value Others’ 
Viewpoints

Listen to Other 
Teammates

Cooperate with 
Teammates

Make Fair 
Decisions

Total

Average

Score
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D
Appendix 

Lesson Plan: EarthCaching the Campus
The following lesson plan can be used as a template for an EarthCache™ 
adventure around the school campus.

X
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Stop 1 (latitude +XX° 11.415’ longitude -XX° 40.682’)
DATE and TIME of arrival at Stop 1

Examine the rock outcrop on the left (east) side of the road here. The rocks are metamorphic 
gneiss, and they have been smoothed by the flow of glacial ice over them. Notice the ridges 
and valleys on the surface exposures of the rock. Record any observations and questions as field 
notes below:

Stop 1 Question(s)

Notice and describe the color of the minerals that form the ridges and the valleys of the 
grooves on the exposed rock surface.

What do you suppose is the cause of the ridges and valleys on the exposed rock surface?

Lesson Plan: EarthCaching the Campus
The following lesson plan can be used as a template for an EarthCache™ 
adventure around the school campus.

Regents Earth Science 
EarthCaching the Campus

Introduction:
The trail system around our campus and the adjacent nature preserve brings hikers to several 
interesting points of geologic interest. In this EarthCaching activity, you will self-guide yourself 
through a tour of several of these features represented at six stops along the way.

Materials:
This packet•	

A GPSr with healthy batteries (and extras)•	

A clipboard and something to write on (field notes!) and with•	

Food and water for 3 days (only kidding, you’ll be back by the end of the lab period!)•	

Procedure:
1. Make sure you know how to use your GPSr. You must be able to:

Set up your unit.•	

Display latitude and longitude in dd m.mmm (degrees and minutes, with the minutes •	
displayed to 3 decimal places).

Set the Map Datum*(see end of lesson). We will be using WGS-84 on this tour.•	

Enter and label waypoint (or landmark) coordinates.•	

Navigate to waypoints (or landmarks).•	

2. Navigate to each of the stops on the tour listed below and on the following pages.

3. At each stop
Read the introductory material.•	

Explore the site for a few minutes, recording any observations you make (field notes) and any •	
questions your observations may raise.

Answer the questions associated with the stop.•	

Tour of Local Geologic Features
Starting point: Northeast corner of K-Wing  (latitude +XX° 11.517’ longitude -XX° 40.688’)

1. Navigate to the bottom of “Cable Hill” road (latitude +XX° 11.517’ longitude -XX° 40.688’) 
and head south, up the hill. Proceed to Stop 1 (next page).

X

Name: 
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Stop 3 (latitude +XX° 11.146’ longitude -XX° 40.680’)
DATE and TIME of arrival at Stop 3

Our school leases this small area of land to the local TV company. Describe what you are 
observing and record any observations and questions as field notes below:

Stop 3 Question(s)

Why do you suppose this particular location is well-suited for the location of this facility?

Stop 2 (latitude +XX° 11.323’ longitude -XX° 40.716682’)
DATE and TIME of arrival at Stop 

Notice the water seeping from the ground on the right (west) side of the road. This small 
natural spring flows, at least a little, even during times of water budget deficit in August. Record 
any observations and questions as field notes below:

Stop 2 Question(s)

What do you suppose is the source of the water that seeps from the ground here?

What force (s) do you suppose drives the flow of this water?
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Stop 5 (latitude +XX° 11.131’ longitude -XX° 40.597’)
DATE and TIME of arrival at Stop 5

Depending on the time of year, this little depression may be filled with water and breeding 
frogs (when it is called a ’vernal pool’), or bone dry and dusty. Record the condition of the 
depression during your visit today, and any observations and questions as field notes below:

Stop 5 Question(s)

What do you suppose is the source of water when this pool is filled?

During the summer, even after a heavy rain, the depression remains dry.  Try to explain why 
that is so.

Stop 4 (latitude +XX° 11.138’ longitude -XX° 40.663’)
DATE and TIME of arrival at Stop 4

This stop marks the top of a steep trail down into the valley to the east of Cable Hill. Record 
any observations and questions as field notes below:

Stop 4 Question(s)

Notice and describe the vegetation on the slope below.  Note particularly the difference in the 
appearance of the small trees (< 10cm (4 inches) diameter) and the larger trees (>30 cm (1 
foot) in diameter).

What might be the cause of the difference in the appearance of the small and large trees? 
(Hint: Look up “creep” in your textbook!)
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A Word on Map Datums
A map datum is a model of the shape of the Earth’s surface used to match surface features with 
a coordinate system on a map.  At various times and in various places, cartographers have used 
slightly different models of the Earth’s shape, and slightly different projections, to draw their 
maps.

For that reason, identical coordinates in two different map datums might identify slightly 
different places on Earth’s surface – or a single place on Earth’s surface may be identified with 
slightly different coordinates in different map datums.

While there are many map datums used throughout the world, the GPS system uses the World 
Geodetic System 1984 (WGS 84), which was developed from and is virtually identical to the 
North American Datum of 1983 (NAD 83).  EarthCaches™ ™ are identified by coordinates in 
the WGS-84 system, and most GPSrs’ default settings report their locations in WGS 84.

Many USGS topographic maps, however, use the North American Datum of 1927 (NAD 27), 
and location coordinates in NAD 27 can vary by almost 40 meters from the same location 
coordinates in WGS 84.  So using a map in conjunction with your GPSr may require that you 
adjust the GPSr map datum to match your paper map’s datum.  It is important, too, to know 
which datum a set of coordinates refers to.

Fortunately, your GPSr is capable of converting the location of a landmark/waypoint/point of 
interest in one datum to any other map datum supported by the GPSr.  The GPSr user should 
be able to quickly switch the GPSr’s display from one datum to another.

The following section describes how to set your map datum on two popular models of GPSr, 
one from Garmin and the other from Magellan.

Changing the Map Datum on the Garmin etrex GPSr
In the Main menu, Scroll to and Select “Setup”.1. 

Scroll down and over and Select “Units”.2. 

Scroll to and Select “Map Datum”3. 

Scroll to and Select the map datum you wish to 4. 
use.

EarthCaches™ are posted in WGS84, but many 
USGS topographic maps use the NAD27 datum.  
The map datum used is printed on the lower left 
hand margin of USGS topo maps.  Once a waypoint 
is set on your GPSr, switching map datums will 
display landmarks in the new datum.

X

Stop 6 (latitude +XX° 11.219’ longitude -XX° 40.622’)
DATE and TIME of arrival at Stop 6

This narrow valley follows the trace of a large fracture in the bedrock of this area. In what 
compass direction does the valley run? Record your answer and any observations and questions 
as field notes below:

Stop 6 Question(s)

Choose a letter of the alphabet that best describes the cross sectional shape of this valley.  Back 
in the classroom, use your text to research valleys with that shape, and determine and record 
the agent that produced this valley.

Note the elevation of this stop, and record it here.

Returning to the classroom
Navigate to latitude +XX° 11.264’ longitude -XX° 40.671’. You will be walking at about 700 
feet above sea level along the north side of a hill.

From there, continue on at the same elevation to latitude +XX° 11.268’ longitude -XX° 40.738 
where you will meet up with Cable Hill road once again.

Turn to the north (downhill) and head back to the building entrance at latitude +XX° 11.517’ 
longitude -XX° 40.688’’.
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Changing the Map Datum on the Magellan 210 GPSr

From any Navigation 
screen, press Menu

Scroll to and Select 
“Preferences”

Scroll to and Select 
“Map Units”

Scroll to and Select “Map Datum”

And finally, Scroll to and Select the map datum you wish to use.

Pressing the “Nav” button will bring you back to the Navigation screen you left.

EarthCaches™ are posted in WGS84, but many USGS topographic maps use the NAD27 
datum.  The map datum used is printed on the lower left hand margin of USGS topo maps.  
Once a landmark (“Point of Interest”) is set on your GPSr, switching map datums will display 
landmarks in the new datum.

X

X
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E
Appendix 

National and State Standards Mapping
Where does EarthCaching fit into school curriculum – both subject 
and level, and variations across states?
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characteristics of places; hypothesize regarding locations of places shaped by natural 
hazards such as earthquakes, volcanoes, floods, etc.

9–12
2. The changing physical and human characteristics of a place.

A. Explain from a variety of points of views, as exemplified by being able to…explain 
why places have specific physical characteristics in different parts of the world (i.e. 
effects of tectonic or climatic processes).

B. Describe and interpret physical processes that shape places, as exemplified by being 
able to describe forces from within Earth influence the character of place; describe and 
analyze the importance of erosional processes in shaping places.

Geography Standard 7 – G
The physical processes that shape the patterns of Earth’s surface.

5–8
1. How physical processes shape patterns in the physical environment.

3. How physical processes influence the formation and distribution of resources — 
fossils fuels, hydropower, and soils.

4. How to predict the consequences of physical processes on Earth’s surface.

9–12
1. The dynamics of the four basic components of Earth’s physical systems — the 
atmosphere, biosphere, lithosphere, and hydrosphere.

2. The interaction of Earth’s physical systems.

3. The spatial variation in the consequences of physical processes across Earth’s surface 
— plate tectonics effects, earthquakes, and volcanoes.

Geography Standard 14 – T & G
How human actions modify the physical environment.

5–8 
1. The consequences of human modification of the physical environment — analyze 
the consequences (pollution, dams, levees, etc.).

9–12
1. The role of technology in the capacity of the physical environment to accommodate 
human modification ….old mines, levees, canals, dams, and beach modifications.

2. The significance of the global impacts of human modification of the physical 
environment such as…sediment runoff, soil degradation, and mining.

EarthCaching:
(T) Technology — Use of GPS, maps, latitude and longitude, computer/web site use.

(G) Geologic and Geographic — Places with geologic and environmental significance; 
how our planet has been shaped by geological processes, how we manage the resources, 
and how scientists and geographers gather evidence to learn about the Earth.

EarthCaching sites include — sedimentary, igneous, and metamorphic rock exposures and 
road cuts, fossil sites, volcanic features, canyons, overlooks, museums, mining sites, mineral sites, 
erosional features, caves/karst, coastal or river features, glaciers and glacial features, structural 
features (i.e. San Andres Fault, anticlines, synclines, etc.), aquifer springs, hot springs, historical 
sites, submerged forests and peat bogs, geomorphological features, impact crater sites, and even 
building stone tours if educational.

Geography Standard 1 – T
How to use maps and other geographical representations, tools, and technologies to acquire, 
process, and report information from a spatial perspective.

To support student understanding of maps and geography with the newest technology. 
To promote an understanding of longitude and latitude when using Geographic 
Positioning Systems. As such systems become increasingly common in the home, 
school, and workplace, people will learn to use them as comfortably and effectively as 
traditional printed materials. 

5–8
1. How to make and use maps, globes, graphs, charts, models, and databases to analyze 
spatial distributions and patterns — know principal lines of longitude and latitude.

9–12
2. How to use technologies to represent and interpret Earth’s physical and human 
systems — GPS, latitude, longitude.

Geography Standard 3 – T, G
How to analyze the spatial organizations of people, places, and environments on Earth’s surface.

5–8 and 9–12
1. How to use the elements of space to describe spatial patterns…resources, terrain, 
climate, topography, soil, rocks.

Geography Standard 4 – G
The physical and human characteristics of places.

5–8
1. How different physical processes shape places.

A. Use field observations, maps and other tools to identify and compare the physical 
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 Standards for the English Language Arts
Sponsored by the International Reading Association and the National Council of Teachers of 
English: 

1. Students apply a wide range of strategies to comprehend, interpret, evaluate, and 
appreciate texts. They draw on their prior experience, their interactions with other 
readers and writers, their knowledge of word meaning and of other texts, their 
word identification strategies, and their understanding of textual features (e.g., 
sound–letter correspondence, sentence structure, context, graphics).

2. Students adjust their use of spoken, written, and visual language (e.g., conventions, 
style, vocabulary) to communicate effectively with a variety of audiences and for 
different purposes.

3. Students employ a wide range of strategies as they write and use different writing 
process elements appropriately to communicate with different audiences for a 
variety of purposes.

4. Students use a variety of technological and information resources (e.g., libraries, 
databases, computer networks, video) to gather and synthesize information and to 
create and communicate knowledge.

Mathematics Standards: Number and Operations Standard
Grades 6–8 Expectations:

In grades 6–8 all students should develop an understanding of large numbers and 
recognize and appropriately use exponential, scientific, and calculator notation.

National Science Education Standards (NSES)

NSES Content Standard D:  Earth and Space Science – G
5–8
Structure of the Earth’s system — land forms, crustal deformation, rock cycle, soils, 
and water. 

Earth’s history — fossils, Earth’s processes.

9–12
Geochemical cycles

The origin and evolution of the Earth system — geologic time.

NSES Content Standard E: Science and Technology – T
5–8 
Understandings about science and technology — science and technology are 
reciprocal.

NSES Content Standard F: Science in Personal and Social Perspectives – T & G
5–8 
Natural Hazards

Science and technology in society — technology influences society through its products 
and processes.

9–12 
Natural resources — human populations use resources in the environment; the earth 
does not have infinite resources.

Natural and human–induced hazards 

Science and technology in local, national, and global challenges

Technology Foundation Standards for Students
1. Basic operations and concepts:

Students demonstrate a sound understanding of the nature and operation of technology •	
systems. 

Students are proficient in the use of technology.•	

2. Technology research tools: 

Students use technology to locate, evaluate, and collect information from a variety of sources. •	

Students use technology tools to process data and report results.•	
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F
Appendix 

EarthCache™ Masters Program
The EarthCache™ Masters Program is your opportunity to get a 
physical reward for visiting EarthCaches™ and learning about Earth — 
a stylish EarthCache™ pin. You can wear these pins with pride. You 
will also receive matching bumper stickers for your car. There are four 
EarthCache™ Master levels:
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Bronze EarthCache™ Master
Visit and log three (3) or more EarthCaches™ in two (2) or 
more states/countries.

Silver EarthCache™ Master
Visit and log six (6) or more 
EarthCache™ sites in three (3) or 
more states/countries and develop 
one (1) or more EarthCache™ sites.

Gold EarthCache™ Master
Visit and log twelve (12) or more 
EarthCache™ sites in four (4) or more 
states/countries and develop two (2) or more EarthCache™ 
sites.

Platinum EarthCache™ 
Master
Visit and log twenty (20) or 
more EarthCache™ sites in five 
(5) or more states/countries 
and develop three (3) or more 
EarthCache™ sites.

Please note that you cannot 
claim EarthCache™ sites that 
you have personally developed 

as a “logged EarthCache”.

To receive your EarthCache™ Master pin, please complete 
the EarthCache™ Masters Application Form located at 
www.earthcache.org. Once checked and approved, GSA 
will send your pin to you by mail.   

X

X
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Tuesday,	December	13	

1:15	–	2:45	GIS	for	Earth	and	Environmental	Sciences	–	David	DiBiase,	Dr.	Tom	Baker	(Esri),	and	
Roger	Palmer	(Bishop	Dunne	High	School).	

	



GIS	for	Earth	and	Environmental	Sciences	Presenters	bios	
	

David	DiBiase	is	Director	of	Education	in	Esri’s	Global	Business	
Development	group.	He	leads	an	education	outreach	team	that	
promotes	and	supports	GIS	use	by	educators,	students,	and	campus	
administrators	at	thousands	of	higher	education	institutions,	
schools,	museums	and	libraries	worldwide.	Before	joining	Esri	in	
2011,	David	taught	cartography	and	geographic	information	science	

at	the	Pennsylvania	State	University	for	22	years.	He	founded	the	Penn	State	Online	certificate	
and	masters	degree	programs	in	GIS,	which	earned	the	Sloan	Consortium's	Most	Outstanding	
Online	Program	award	in	2009.	As	chairperson	of	the	University	Consortium	for	Geographic	
Information	Science’s	(UCGIS)	Education	Committee,	he	led	the	effort	to	complete	the	first	
edition	of	the	GIS&T	Body	of	Knowledge.	He	also	facilitated	and	edited	the	U.S.	Department	of	
Labor's	Geospatial	Technology	Competency	Model.	David	led	the	NSF-funded	GIS	Professional	
Ethics	project,	and	still	teaches	professional	ethics	part	time	for	Penn	State.		
	

Roger	Palmer	is	a	science	department	chair	that	teaches	high	school	
chemistry,	physics	environmental,	and	field	science.	He	holds	an	M.S.	
in	Chemistry	and	conducts	research	with	students	in	the	use	of	GIS	to	
model	integrated	approaches	to	environmental	problems.	Through	
his	company,	GISetc,	Mr.	Palmer	has	conducted	countless	GIS	
institutes	for	teachers	and	GIS/science	camps	for	students	in	the	USA	
and	in	the	international	arena	for	the	past	fifteen	years.		He	is	a	co-
author	of	the	NASA	funded	A	Birdseye	View	primary	school	
curriculum,	the	American	Association	of	Geographers’	Understanding	
the	Changing	Planet	online	resource	materials,	the	Carte	Diem	Press	

Going	Places	with	GPS,	20	Minute	GIS	for	the	Early	Learner,	Geotagging	Media	and	Tech	
Enabled	Field	Studies	books.		He	was	a	co-developer	and	teacher	of	the	online	GIS	Masters	
Certificate	program	for	educators	as	well	as	current	University	of	Redlands	Spatial	Thinking	
masters	program	courses.		

	
Dr.	Tom	Baker	an	instructional	designer,	science	educator,	and	
researcher	serving	as	an	education	manager	in	Esri’s	Global	Business	
Development	group	where	he	leads	K-12	curriculum	development,	
STEM	activities,	and	educational	research	efforts.	Since	teaching	
middle	school	science,	he	has	served	on	the	research	faculty	at	the	
University	of	Kansas	and	managed	federal	and	state	funded	efforts	to	

include	technology	tools	for	supporting	collaboration	and	inquiry	in	STEM	classrooms.		His	prior	
funded	work	includes	“Extending	Scientific	Inquiry	through	Collaborative	GIS”	(ESIC)	and	
Pathfinder	Science,	an	environment	for	collaborative	scientific	investigations	among	students.		
His	research	interests	have	broadly	focused	on	improving	student	outcomes	with	technology,	
STEM,	learning	design,	inquiry	based	learning,	and	geospatial	technologies.		



Time required – 15 minutes

Map URL: http://bit.ly/earthgeoinquiry5

Target audience – Earth Science, grades 6-9

E A R T HE A R T HE A R T H

North American landforms

 ʅ Click Modify Map.
 ʅ Click the Show Contents button (on the Details pane).
 ʅ Turn on the Landform Marker layer; you will now see an Edit button at the top.
 ʅ Click the Edit button and then click Landuse Marker.
 ʅ Click and drag the cursor around the map to “sketch” similar continuous regions, based solely on their 

appearance. (If necessary, zoom in to see more detail.)
 ? How many unique regions did you choose? [Students should be able to differentiate two mountain regions, 

and one or two regions of plains along the coast in the south and another in the Midwest/north. Students may 
also notice differences in flat areas next to mountains in the plateau regions that have deeper river valleys 
through them.]

 ʅ To stop drawing, click the Edit button.
 ʅ If needed, click the button Show Contents (on the Details pane).
 ʅ Turn off the World Shaded Relief layer by clicking the checkbox. 

 ʅ Turn on the North American Landforms layer.  
 ʅ Click the Basemap button, and then click Topographic.
 ? Which areas did you miss? [Many miss the plateaus, as they are harder to differentiate unless you have a 

colored elevation layer. They occur along mountains but are smoother and uplifted instead of broken or fold-
ed. They are different from plains in that rivers across them generally create much deeper valleys.]

 ? Which color is used to show the plains?  [They are a light green color.]
 ʅ Click several places across the plains.
 ? Are all plains considered the same?  [No. There are coastal, great, and interior lowland plains.]
 ? How do you think the plains along the Gulf Coast are separated from the mid-continent plains? [Coastal 

plains get more precipitation and are more moderate in temperatures.]
 ? What evidence might you use to support this idea? [The imagery should show greener areas, particularly 

along the Gulf Coast.]

Introduce and explore various types of landforms. 

MS-ESS2-3 – Analyze and interpret data on the distribution of fossils, rocks, continen-
tal shapes, and seafloor structures to provide evidence of the past plate motions.
MS-ESS2.B – Plate Tectonics and Large-Scale System Interactions

• Students will work to recognize landforms from small to large scale.

• Students will associate clues from the landscape, describing how they were formed.

Science Standards

Learning Outcomes

Engage

Explore

Rough, rugged, or smooth, what landforms cover North America’s surface?

Is there more to landforms than texture?

Activity

more



 ʅ Search for any of the landform types found in your local area. Use the Find Address Or Place search tool.
 ʅ Explain what the selected landform is and how it differs from similar features (e.g. those in Elaborate).
 ? If you have chosen a local cape, for instance, how is this different from a barrier island? [Answers will vary 

depending on which landforms you choose.]

 ʅ Click on each bookmark. Ask students to identify and differentiate among various types of landforms as 
listed below.

 ? Coastal features [Cape, Isthmus, Peninsula, Island, Archipelago, Barrier Island.]
 ? Freshwater regions [River, Lake, Flood Plain, Delta.]
 ? Ocean bodies [Strait, Bay, Sound, Harbor.]
 ? River-formed landforms [Valley, Canyon, Divide, Basin, Alluvial Fan.]
 ? High elevation terrains [Volcano, Mountain, Butte, Mesa, Plateau.]
 ? Large ice features [Montane Glacier, Continental Glacier.]

 ʅ Click the button, About the map (Details pane). Click the Open Presentation link and view the presenta-
tion in a new tab. 

 ʅ On a whiteboard, group the landforms that are featured in the presentation in a system that makes sense 
to students (for example, coastal features, river landforms, or hill-type features).

 ʅ Close the tab that has the presentation and return to the online map.

Elaborate

Evaluate

Would a bay by any other name, sound the same?

What landforms do you have around your school?

DID YOU KNOW? ArcGIS Online is a mapping platform freely available to U.S. public, private, and home schools as a part of the White 
House ConnectED Initiative. A school subscription provides additional security, privacy, and content features. Learn more about Arc-
GIS Online and how to get a school subscription at  http://connected.esri.com.

THEN TRY THIS...
• Log in to your ArcGIS organization account and search for Elevation Tinted Hillshade.
• Turn the transparency to about 75 percent for a subtle look that does not obscure place names on other layers.
• In the upper right of the map, in the Find Address Or Place box, search for local landform names.

Next Steps

WWW.ESRI.COM/GEOINQUIRIES
Version Q1 2016. Send feedback: http://esriurl.com/EarthScienceFeedback

copyright © 2015 Esri

BOOKMARKEDIT (ADD FEATURES)
• At the top of the map, click the Edit button.
• Click Landuse Marker.
• Click and hold the mouse button to start drawing.
• Move the mouse to draw, then let go of the button to 

finish.

• At the top of the map, click the Bookmarks button.
• Choose a bookmark. 
• The map scale and extent will change.

TEXT 
REFERENCES

• Earth Science by Glencoe McGraw Hill – Chapter 6
• Earth Science by Holt, Rinehart, Winston – Chapter 11

• Earth Science by McDougal Littell – Chapter 1
• Earth Science by Prentice Hall – Chapter 1 

This GIS map has been cross-referenced to material in the landforms 
sections of chapters from middle-school texts.

Explain
What’s elevation got to do with it?



Time required – 15 minutes

Map URL: http://esriurl.com/enviroGeoinquiry9 

Audience – High school environmental science

Marine debris

 ʅ Click the map URL link above to open the map.
 ʅ Zoom and pan the map to see all the ocean currents. 
 ? Why are some currents marked red and some marked blue? [Temperature differences] 
 – Equatorial waters are the warmest and, like air, warm water expands and rises. This results in about a 

3-inch-higher water surface elevation in the tropical region than elsewhere. 
 ? What impact does this have on direction of equatorial warm water currents? [Water flows away from 

the equator.]
 ? What is the cause of this pattern? [Gravity]

 ʅ With the Details pane visible, click the button, Show Contents of Map.
 ʅ Click the checkbox left of the layer, Pacific Markers. Click the Hawaii marker. Click  the link to enlarge. 
 – Gyres are large circular ocean currents that redistribute heat and can trap marine debris.
 ʅ Zoom out and pan the map. 
 ? Where are other gyres, potentially trapping debris? [North & South Atlantic, South Pacific, Indian Ocean]

Investigate marine debris, the role of ocean gyres, and how humans impact trash accumulation. 

APES: IC. Global Water Resources and Use
APES: IV.A. Benchmark: Pollution Types
NGSS: HS-ESS3. Earth and Human Impacts

• Students will investigate how marine debris becomes trapped by ocean gyres. 
• Students will predict where marine trash will accumulate in oceans. 

Science Standards

Learning Outcomes

Activity

ADVANCED
ENVIRONMENTAL

SCIENCE

more

Engage
What are the major ocean currents?

Explore

Will an ocean current trap marine debris?

 – Researchers estimate 80%of trash comes from land and 20% comes from marine sources. 
 ? What are the main sources of land-based trash? [Litter; industrial discharges, such as microplastics; 

garbage transport; and landfills]
 ʅ Click the button, Bookmarks. Select Spokane. 
 ʅ From the Details pane, click the button, Show Contents Of Map.
 ʅ Click the checkbox to the left of the layer name, Spokane Downstream Trace.
 ? How can trash from inland areas, such as Spokane, reach the ocean? [Trash and litter flow down rivers 

to the ocean.]

Explain
Where does the trash come from? 



 ʅ Turn on the layer, Blue Whale Concentration. 
 ʅ Click the Blue Whale area in the map for more information.
 ? How could the ingestion of microplastics, such as nurdles or other plastic trash, impact whales? [It can 

cause malnutrition or intestinal blockage.]
 ? How can you prevent additional marine debris? [Recycle: Reduce plastic that ends up in the waste 

stream; educate others to prevent coastal pollution; and/or participate in beach cleanups.]

 ʅ Pan the map to see the Pacific Ocean, and click the map marker near the Midway Atoll. 
 ʅ In the popup window, click the animation of Trash Accumulation.
 – Trash from the United States coastline may take six years to reach the Eastern Pacific Garbage Patch, 

while Japanese trash takes about one year.
 ? Why is plastic the main trash found in this area? [Plastic floats; biodegradable material decomposes 

while plastic only breaks into smaller pieces but does not decompose.]
 ʅ Click the Spokane map marker to see one common source of plastic pollution.

DID YOU KNOW? ArcGIS Online is a mapping platform freely available to U.S. public, private, and home schools as a part of the 
White House ConnectED Initiative. A school subscription provides additional security, privacy, and content features. Learn more 
about ArcGIS Online and how to get a school subscription at  http://connected.esri.com.

THEN TRY THIS...
• Investigate the impact of marine trash on albatross in the story map, Winged Ambassador, at http://esriurl.com/Geo551.
• Using an ArcGIS Online organizational subscription for schools, create a cluster map analysis for point locations of garbage in the 

sea. Explore how the map scale of cluster data informs your data interpretation.

Next Steps

WWW.ESRI.COM/GEOINQUIRIES
Version Q4 2016. Send feedback: http://esriurl.com/GeoInquiryFeedback

copyright © 2016 Esri

TURN A MAP LAYER ON OR OFFZOOM TO A BOOKMARK
• Click the button, Bookmarks.
• Select a bookmark name to zoom to its map location 

and scale.

• Press the Details button to turn on the pane.
• Show the table of contents for the map by pressing the 

button, Show Map Contents.
• Show layers by checking the box next to layer names.
• If a map layer name is light gray, zoom in or out of the 

map until the layer name is black. The layer can now be 
turned on.

TEXT 
REFERENCES

• Environmental Science: A Global Concern by McGraw-Hill — Water Use and Management Chapter
• Living in the Environment (16th) by Brooks/Cole, Cengage Learning — Global Climate and Biomes Chapter

This GIS map has been cross-referenced to material in sections of 
chapters from these texts.

Elaborate
Why are “garbage patches” filled with plastic?

Evaluate
What is the impact of marine debris?
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