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by Mike Passow, 2014 – 2016 NESTA President

Changes Are Coming, But Don’t Worry
I’m composing this in my kayak on a lake during a 20o day in late December. 

I suppose I should explain that that is where I was as I began mentally to write this, my next-to-last 
TES Presidential essay, and it was 20o C, or a record-breaking 68o F. Very nice, but I know that in a 
few days, conditions will change.

As Earth Science teachers, we know that changes are always happening. While we in the Northeast 
enjoy one of the warmest Christmases ever, there are tornadoes in the South, heavy snows in the 
Rockies, and floods in the Northwest. But those, too, will change. Geoscientists know that Change 
can be rapid, such as an earthquake or tornado, or very slow, such as mountains wearing away or 
global climate shifts. It’s all part of our Planet’s patterns.

NESTA, too, is going through changes. The end of April marks the end of my Presidency, a term 
of service to our association that began a decade ago when I was first elected. NESTA was about to 
shift from having Dr. Frank Ireton as our Executive Advisor to the start of Dr. Roberta Johnson’s 
tenure as Executive Director. Roberta shepherded many changes in how NESTA operates, including 
our partnering with Windows to the Universe and a greatly expanded electronic presence. Now, 
Dr. Carla McAuliffe has taken on the challenges of the Executive Director position. In the next 
few months you will see some of the changes Carla has planned, including our new and improved 
website, and increased interactions with our partner societies.

My second term as your President officially ends on April 30, and on May 1 we welcome Cheryl 
Manning. We are fortunate that Cheryl responded to the call last spring and stepped forward to 
become our next President. Cheryl brings a unique combination of knowledge, experience, and 
connections that will certainly benefit NESTA as we continue to change in the future.

Fortunately, in NESTA as elsewhere on our planet, not everything changes. We can still draw on 
the ‘institutional memory’ and expertise of our Board members. We plan to continue offering 
workshops, share-a-thons, and raffles at NSTA and other conferences. Our publications, especially 
TES and our monthly E-News, will bring you valuable information. We will work to fulfill our 
Mission—“To facilitate and advance excellence in Earth and Space Science Education”—as we make 
progress to meet our 2015-2024 Strategic Plan. All of these involve a combination of change and 
stability.

As more States and Districts begin the process of implementing new teaching strategies guided 
by the “Frameworks for K-12 Science Education” and the “Next Generation Science Standards,” 
we anticipate more changes in ‘business as normal.’ It is up to us as individuals and members of a 
professional society to participate in the decision-making processes that will be happening. 

During the fall, I changed my location many times as I went to NSTA, GSA, AGU, and other confer-
ences to share ideas about how we can successfully address changes brought about by the NGSS 
and new State Standards. It was great to meet many of you in person across the country, and to 
interact with colleagues from other societies, universities, governmental offices, and other connec-
tions. I hope you will have similar opportunities in the coming months, including taking part in 
next summer’s “Earth Educators Rendezvous” in Madison, WI, or other programs. 

NESTA’S MISSION
To facilitate and advance 

excellence in Earth and Space 

Science education .

NESTA Address:
PO Box 271654
Fort Collins, CO  80527

Visit the NESTA website at 
http://www.nestanet.org

mailto:p.o.pennington%40gmail.com?subject=
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2016 will be a ‘Year of Change’ in many ways. If I’m in my kayak next Christmas, we’ll have both a 
new NESTA President and a new POTUS (President-Elect of the United States.) There is no doubt 
that 2016 and beyond will be different from 2015 and before.  Our challenges and responsibilities 
are to make these positive changes for our students, ourselves, our communities, our NESTA, and 
our Nation.         

From The execuTive direcTor
Happy New Year to all! We had a very busy conference season last fall. Thanks to all who helped 
make the events at the NSTA regionals, GSA, and AGU a success and a warm welcome to all the 
new members who have recently joined NESTA! At these conferences, in addition to meeting some 
of you in person, we saw and explored many exciting digital resources. These include HHMI’s 
EarthViewer (http://www.hhmi.org/biointeractive/earthviewer-online-and-downloadable-version), 
IRIS’s Seismic Waves (http://www.iris.edu/hq/inclass/software-web-app/seismic_waves_online), 
UNAVCO’s GPS Velocity Viewer (https://www.unavco.org/software/visualization/GPS-Velocity-
Viewer/GPS-Velocity-Viewer.html), and NOAA’s SOS (Science on a Sphere) Explorer (http://sos.
noaa.gov/SOS_Explorer/), along with others. We also experienced innovative inquiry activities, 
many of which are freely available and are congruent with the Next Generation Science Standards.

In the coming months we will be reimagining and revising the NESTA website in order to bring you 
as many of these vetted resources and activities that we can. We also look forward to continuing to 
keep you informed about professional development opportunities, one of which is coming up this 
summer: Join us at the Earth Educators’ Rendezvous in Madison, Wisconsin (July 18 to 22, 2016). 
For more information, please see the ad on page 24 of this issue.

We continue to reach out to elementary teachers. The It’s Elementary column in this issue of The 
Earth Scientist features a universally designed iBook unit, What’s the Weather?, for grade 3-5 students 
with and without sensory disabilities, specifically those who are deaf or hard of hearing and those 
who are blind or have low vision.

We look forward to seeing you at the National Science Teachers Association (NSTA) National 
Conference in Nashville, Tennessee (March 31 to April 3, 2016). Don’t miss out on our Rock Raffle, 
Share-a-Thons, and the Friends of Earth Science Reception. For a complete listing of our events, 
please see our full-page ad on page 18 in this issue.

Our workshops in Nashville include the following:

n	 NESTA and Howard Hughes Medical Institute (HHMI) Share: Multimedia Tools and 
Resources for Teaching Earth System Science. Earth has a long and dynamic history 
that is written in the rocks. The story of life dates back 3.8 billion years and is punctuated 
by times of ecosystem upheaval and mass extinction. This session will highlight free class-
room resources for teaching about climate and life through time. The resources include 
video, online interactives, worksheets, and apps. One highlight of the workshop will be to 
demonstrate how to use the popular EarthViewer app in the classroom to illustrate key 
concepts aligned with NGSS standards. We will also present some new resources that teach 
the science of extinction and answer the question: has a sixth mass extinction already begun? 
All workshop materials will be provided to participants and are freely available from the 

mailto:tombervin%40gmail.com?subject=
mailto:rfabick@zoominternet.net
mailto:rfabick@zoominternet.net
http://www.hhmi.org/biointeractive/earthviewer-online-and-downloadable-version
http://www.iris.edu/hq/inclass/software-web-app/seismic_waves_online
https://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html
https://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html
http://sos.noaa.gov/SOS_Explorer/
http://sos.noaa.gov/SOS_Explorer/
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workshop collaborators - the National Earth Science Teachers Association (NESTA), the 
Howard Hughes Medical Institute (HHMI), and the BioInteractive (http://www.hhmi.org/
biointeractive/earth-and-environment) website.

n	 NESTA and TERC Shares: EarthScope Chronicles: The Newberry Volcano--A Volcano 
Story. Newberry Volcano is the largest volcano in the Cascade Range of western North 
America. At about 1200 square miles in area, it is about the same size as the state of Rhode 
Island. Dr. Emile Hooft is a geophysicist at the University of Oregon in Eugene, Oregon. 
She actively studies this volcano and others. She uses the physics of seismic waves to 
“see” beneath the Newberry Volcano, locate its magma chamber, and determine its size. 
Volcanoes are dynamic and help students understand that Earth is continuously changing. 
This EarthScope Chronicles module uses online databases, Google Earth, image analysis 
techniques, and short videos to help students explore and investigate volcanoes. During 
this workshop, preview module activities and get to know Dr. Hooft and the story of the 
Newberry Volcano. Use an online database to find out where volcanoes are erupting this 
week. Take a Google Earth tour of three different types of volcanoes and look for patterns 
in their distribution. Analyze remote sensed images taken before and after volcanic erup-
tions. EarthScope Chronicles is a joint project between TERC (www.terc.edu) and McLean 
Media (http://www.storyline.com) and is funded by the National Science Foundation. By 
featuring scientists and the research questions they ask, EarthScope Chronicles materials 
connect STEM classroom content to current real-world scientific research. All modules 
are freely available on the EarthScope Chronicles website (http://serc.carleton.edu/earth-
scope_chronicles/index.html).

n	 NESTA and CIESIN Share: Exploring a Compendium of Online Resources for 
Teaching Earth Science. NESTA members will present a compendium of educational 
websites that will enable participants to return to schools with enhanced knowledge of how 
to locate and use online resources to design timely and authentic learning activities for 
their Earth Science students. This workshop has been designed to address questions asked 
at previous NSTA and other conferences about where teachers and students can find useful 
web-based resources. Featured web-sites will be examples created by CIESIN (the Center for 
Earth Science Information Network) and educators. Other websites include the Earth2Class 
Workshops for Teachers at the Lamont-Doherty Earth Observatory of Columbia University 
(http://earth2class.org/site); Windows to the Universe (https://www.windows2universe.
org/) ; NESTA (http://www.nestanet.org); and the American Meteorological Society 
Education program (http://ametsoc.org/amsedu/). The focus will be on web-based 
resources appropriate for students and teachers seeking to learn about NGSS Disciplinary 
Core ideas, Science and Engineering Practices, Crosscutting Concepts, and the Nature of 
Science to master Performance Expectations in MS-ESS1, 2, and 3; HS-ESS1, 2, and 3, and 
other components of the NGSS. Opportunities will also be provided for attendees to suggest 
their favorite sites. 

n	 NESTA Shares: Innovative Ways to Teach about Weather Observation and Weather 
Hazards. NESTA members will present an overview of the key NGSS Disciplinary Core 
Ideas and Performance Expectation focused on teaching about weather observations and 
weather hazards. These include DCIs ESS2.A, ESS2.C, ESS2.D and ESS3.B. Pertinent PEs 
include MS-ESS2-4, MS-ESS2-5, HS-ESS2-5, and HS-ESS3-1. Examples of classroom activi-
ties will involving data collection at various scales with simple hand-held instruments and 
advanced technologies (radar, satellites, instrument arrays). Another activity will describe the 
National Weather Service’s Hazardous Weather Alert system, with a focus on local hazards, 

http://www.hhmi.org/biointeractive/earth-and-environment
http://www.hhmi.org/biointeractive/earth-and-environment
http://www.hhmi.org/biointeractive/earth-and-environment
http://serc.carleton.edu/earthscope_chronicles/index.html
http://serc.carleton.edu/earthscope_chronicles/index.html
http://earth2class.org/site
https://www.windows2universe.org/
https://www.windows2universe.org/
http://www.nestanet.org
http://ametsoc.org/amsedu/
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and suggestions for developing student-based projects to expand understanding 
of Science and Engineering Practices, Crosscutting Concepts, and the Nature of 
Science. The last portion of the workshop will explain how schools can partici-
pate in networks such as Weather-Ready Nation (http://www.nws.noaa.gov/
com/weatherreadynation/) and CoCoRaHS (Community Collaborative Rain, 
Hail, and Snow Network, http://www.cocorahs.org/). 

If you have not done so before, consider becoming more involved with NESTA this year 
by writing an article for The Earth Scientist or volunteering to assist with our events at 
a conference. 

May 2016 bring renewed excitement to your teaching!

Sincerely,

Dr. Carla McAuliffe
Executive Director, NESTA

ediTor’S corner 
As this issue goes to press, I’m on my way back from a week-long orientation for 
PolarTREC teachers in Fairbanks, Alaska.  I have been selected, along with 14 other 
amazing teachers from around the United States, for the 2016-2017 PolarTREC 
program to travel to the polar regions.  We will be working alongside researchers 
on topics as varied as studying polar gigantism of sea spiders by diving beneath the 
Antarctic ice to NASA Operation IceBridge flights over both poles to using the IceCube 
observatory at the South Pole for neutrino detection to trekking through the remote 

Siberian tundra in order to better understand permafrost changes.

I wrote in a previous TES Editorial about the importance of high-quality professional 
development opportunities that are being and need to be afforded to educators.  
PolarTREC, run by Arctic Research Consortium of the United States (ARCUS) is 
funded through the National Science Foundation Division of Polar Programs, is a 
program that provides hands-on field research experiences and strives to disseminate 
that information to other teachers, students, the public, and other professionals.

http://www.nestanet.org/cms/content/publications/tes/advertising
http://www.nestanet.org/cms/content/publications/tes/advertising
mailto:Carla_McAuliffe@terc.edu
http://www.nws.noaa.gov/com/weatherreadynation/
http://www.nws.noaa.gov/com/weatherreadynation/
http://www.cocorahs.org/
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Twenty Five Years Ago in TES

Twenty Five years ago, in 1990, TES was 
in its seventh year of publication.  This 

cover features a photo of the “proposed 
High-level Radiation Waste Repository, in 
Yucca Mountain, Nevada” [Note: as of June 
2015, this repository project has not yet 
been funded and the whole project is still 
being decided in the courts].  An accom-
panying article within this 1990 issue, 
explored the potential idea of having a 
“Sub-seabed Disposal of Radioactive 
Wastes.”

Also included, was an article describing “Why Students Dislike Science Courses”.  There was 
an article describing an Earthquake and Volcano activity, in which students mark onto a 
world map, the longitude and latitudes of 90 world-wide sites of seismic activity, and look for 
the “pattern”.

Finally, there was an informational blurb about the release of a $25 (plus P&H), VHS, “home 
video version” of the 1986 PBS science special, “The Creation of the Universe”.  (I’m not sure 
if my school still has a VHS player, but I remember this video, and it was very good).

By Tom Ervin

The first of this cohort of teachers, Kelly McCarthy from Our Lady of Lourdes Regional School 
in Coal Township, Pennsylvania, is due to depart with NASA’s Operation IceBridge to survey 
the polar ice on April 15th.  I encourage you to log onto the PolarTREC website (www.polartrec.
com) to take a look at the other expeditions, including mine where I’ll be working to under-
standing crevasse formation along the shear zone where the McMurdo Ice Shelf and Ross Ice 
Shelf come together.  Investigate what we are up to, follow along with your classes, join in on a live 
PolarConnect event talking with the teachers in the field with your students, and become involved 
in the polar sciences.

As the year progresses, I’ll be using this space to highlight other professional opportunities that are 
being offered to teachers.  And always, I’ll be encouraging you – the members of NESTA and readers 
of TES – to contribute to the discourse by writing of your professional development, the effect 
they are having on your students, and ways that we can all be involved and learn from our shared 

experiences.

David Thesenga
Editor, The Earth Scientist

https://www.polartrec.com/expeditions/operation-icebridge-arctic
http://www.polartrec.com
http://www.polartrec.com
https://www.polartrec.com/polar-connect
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Is it sunny or cloudy, raining or snowing, hot or cold outside? 
Each and every day, we want to know what the weather is like to 

help us plan our day. Weather is the heat we feel on a summer day. 
It’s the rain that delays our ball game. It’s the wind that blows 
leaves off trees. It’s all these things and more. Weather is the 
condition of the air around us.

 In this universally designed iBook unit for grades 3-5, students 
with and without sensory disabilities, specifically those who are 
deaf or hard of hearing (Figure 1) and blind or have low vision, consider weather as the condition of the 
air at a particular place and time. To do this, they conduct hands-on and online investigations about 
moisture, temperature, air pressure, and wind. They use displays of their data and publically available 
weather data to find out what the weather is like in their location and in other locations of interest. 

Originally developed by TERC with funding 
from the National Science Foundation, the 
What’s the Weather? unit belonged to the Kids 
Network series published by the National 
Geographic Society. Like all of the units in the 
series, it includes activities and readings and 
encourages students to build ideas of science 
content and processes through the investiga-
tion of a phenomenon in their local area. As 
technology advanced, the units were revised 
several times, but retained the initial structure 
and focus. Most recently, encouraged by the 
increasing use of iBooks in classrooms, TERC 
revised and redesigned the units as iBooks. The 

What’s the Weather? iBook is the result of this effort.

A Teacher’s Guide and Student Packet that run on computers, iPads, and mobile devices with iOS 
operating systems are available free from https://wtw-ibook.terc.edu. The Teacher’s Guide includes an 
overview of the unit contents, implementation tips about features, such as navigation and accessibility 
options, and six chapters that correspond to the original unit’s lessons. Chapters can be done individu-
ally or grouped together with one or more other chapters. This flexibility allows teachers to fit the unit 
into their core science curriculum, however and whenever they would like. Highlights of the chapters are 
as follows:

What’s the Weather?

Judy Vesel, Tara Robillard, TERC

It’s
Elementary!

Figure 1. Sign 
language support 
for deaf or hard of 
hearing students .

https://wtw-ibook.terc.edu
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1)  What Is Weather? — Students go to the National Oceanic and Atmospheric Administration’s 
(NOAA’s) National Weather Service (www.weather.gov) to select location(s) and find out about 
the weather there. They use their data to define weather as the sum of moisture, air temperature, 
air pressure, and wind.

2)  What Is the Moisture of the Air? — Students use resources and a demonstration of the water cycle 
to explain how water moves between Earth’s surface and the atmosphere by the processes of 
evaporation, condensation, and precipitation. The National Weather Service site shows and 
explains the amount of moisture in the air in students’ location on that day.

3)  What Is the Temperature of the Air? — Students consider temperature as how hot or cold the air is. 
They measure the outside air temperature, collect moisture data, and create displays. Using their 
displays and comparisons with NOAA data, they summarize the current weather.

4)  What Is the Pressure of the Air? — Students consider air pressure as the weight of the air above 
a spot on Earth as measured with a barometer. They use the National Weather Service site to 
see if the air pressure in their location is changing. Then they use displays of the data to predict 
changes in the weather that might be on the way.

5)  What Is the Speed of the Wind? — Students consider wind as the movement of air and an 
anemometer as the instrument used to measure it. They estimate wind speed (how fast the air 
is moving), use the National Weather Service site to collect actual wind speed data, and create 
displays to describe what the weather is like. 

6)  Collect and Display Weather Data — Students select location(s) to use for collecting weather data 
and decide on the number of data-collection days, what data they will collect, and how they will 
record the data. They create displays of their weather data and use them to describe the weather 
in the locations they have selected and how (or if) it might be about to change.

What’s the Weather? supports the Framework for the 
Next Generation Science Standards (Figure 2).1  

The Student Packet contains copies of the activity 
sheets and readings and hyperlinks to all of the inter-
active features that have been incorporated into the 
Teacher’s Guide. These features support the three 
principles of Universal Design for Learning.2 

Principle 1. Learners can acquire information 
in different ways. 

Principle 2. Learners are provided with oppor-
tunities for demonstrating what they know. 

Principle 3. Learners are offered opportunities that make sense and are interesting. 

 

SEP: Obtaining, Evaluating, and Communicating Information

Obtain and combine information from books and other reliable media to explain 
phenomena . (3-ESS2-2)

DCI: ESS2.D: Weather and Climate

Scientists record patterns of the weather across different times and areas so 
that they can make predictions about what kind of weather might happen next . 
(3-ESS2-1)

CCC: Patterns

Patterns of change can be used to make predictions . (3-ESS2-1),(3-ESS2-2)

Figure 2. Grade 3 Science and Engineering Practice (SEP), Disciplinary Core 
Idea (DCI), and Crosscutting concept (CCC) supported by What’s the Weather?
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In support of principles 1 and 3: students conduct online research; read English text using an appro-
priate text size; listen to English text presented as audio; view illustrations; listen to audio descriptions 
of graphic elements; look up the meaning of terms; collect, display and/or analyze data; and work indi-
vidually and/or in groups. In support of principle 2: students offer oral explanations and/or engage in 
conversations; write paragraphs and/or research reports; answer questions; set up and do experiments; 
and collect, record, and/or analyze experimental and/or online data.

A preliminary evaluation of the unit for usability has been conducted with six teachers. They downloaded 
and reviewed the iBook and PDF versions using the computer or device of their choice and completed 
an online survey. Findings show that the unit is a resource these teachers envision implementing in 
their classroom. The unit, or parts of it, fit into their existing curriculum and address concepts that they 
normally teach. The flexibility of the unit and format allows teachers who teach in very different situ-
ations to take advantage of the many ways it can be implemented. For information about formative 
evaluation of the unit and how to participate in field-testing, contact the authors.

References
1 NGSS Lead States. 2013. Next Generation Science Standards: For states, by states. Washington, DC: The 

National Academies Press.
2  Rose, D.H., & Meyer, A. 2006. A practical reader in universal design for learning. Cambridge, MA: 

Harvard Education Press.
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Web mapping tools combine a rich set of data, including maps and satellite imagery, with 
tools of tabular and spatial analysis that allow students to view, understand, question, 

interpret, and visualize data in ways that reveal relationships, patterns, and trends from local to 
global scale. Earth Science and other STEM disciplines (Science, Technology, Engineering, and 
Mathematics) require that students develop skills in collecting and analyzing data, and in asking 
and answering questions based upon that data and the problem being addressed. Web mapping 
tools help students answer questions and solve problems by enabling them to examine their data in 
a way that helps them understand those data spatially. 

Web mapping tools are made possible through Geographic Information Systems (GIS) technology. 
Like other software such as photo editors, spreadsheets, and music players, GIS technology for 
several years has been rapidly migrating into a Software as a Service (SaaS) model. This means that 
the tools are running online, in the cloud, which allows for key advantages in education. These 
advantages include ease of use, access from a standard web browser and from multiple devices 
including laptop, tablet, and smartphone, access to thousands of maps and data sets from local 
to global scale, and the ability to map and analyze field-collected data (Kerski 2015). Furthermore, 
the maps can be saved, shared, embedded in websites, and made a part of presentations and web 
mapping applications, such as storymaps. 

Examining Linkages Between Web Mapping and 
Earth Science Education
How can Earth Science be more effectively taught and learned using web mapping tools?  First and 
foremost, in Earth Science, everything happens somewhere, whether in the past or in the present, or 
is likely to occur in the future. Each of these events, processes, forces, or phenomena can be mapped 
and understood in terms of its location, but also its spatial patterns of clustering, adjacency, direc-
tion, distance, or other spatial measures. Both web mapping and Earth Science use quantitative 
techniques and the scientific method to solve problems. Indeed, web mapping and the Geographic 
Information Systems (GIS) from which it was derived were created as problem solving tools in the 
first place. Teaching with these data sets and tools provides meaningful technology integration, 
rather than “technology for technology’s sake.”  The use of GIS is supported by constructivist 
learning theory—as students analyze data spatially, they construct meaning for the data while 

Earth Science Inquiry with 
Web Mapping Tools

Joseph J. Kerski, PhD., GISP, Geographer and Educator, 
Esri and the University of Denver
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connecting it to a specific location or region (Whitaker 2011). Web mapping tools are multidis-
ciplinary, taking advantage of data and maps from a variety of disciplines, but their statistical 
and analytical tools draw deeply from decades of research and development in a variety of fields. 
Therefore, students and educators using web mapping in Earth Science are using a tool to study 
phenomena from a wide variety of disciplinary perspectives.

Teaching with web maps helps students 
gain key skills that will help them secure 
careers in demand in the workforce. 
The National Science Education Standards 
(Center for Science, Mathematics, and 
Engineering Education 1996) state 
that “More and more jobs demand 
advanced skills, requiring that people 
be able to learn, reason, think creatively, 
make decisions, and solve problems. 
An understanding of science contrib-
utes in an essential way to these skills.”  
STEM occupations are projected to 
grow by 17% percent from 2008 to 2018, 
compared to 9.8% growth for non-STEM 
occupations. STEM workers command 
26% more in wages than their non- 

STEM counterparts (U.S. Department of Commerce 2011). 

Using web mapping tools promotes spatial cognition (Britz and Webb 2014), adheres to skills iden-
tified by the Partnership for 21st Century Skills (Kerski 2015), can strengthen students’ self-efficacy 
towards science (Baker and White 2003), and has particularly strong ties with the standards of 
“unifying concepts and processes,” and “science as inquiry.”  Through GIS, students can set up and 
test models, measure distances, slopes, and areas, and detect change in variables and across space. 
The “S” in GIS stands for “system.”  Systems thinking is embedded in spatial analysis. For example, 
an area’s soil is influenced by its bedrock geology, local weathering, and regional climate, and in 
turn influences local land use, vegetation, and fauna. By asking questions across multiple data sets, 
students can analyze concepts and processes holistically. Let’s consider climate as one example.

Climatic variables are intricately tied to locations and are therefore affected by spatial relationships. 
Through Web-based GIS, students use online maps, satellite images, graphs, and databases that are 
focused on the question of “where,” to analyze patterns, trends, and influences, in the past, present, 
and future.

Web based mapping is also well connected to “science as inquiry” because it provides a framework 
to model, to query, to run analyses on maps, satellite images, 2D and 3D surfaces, and databases. 
Spatial data sets on the web includes datasets on climate, ecoregions, elevation, ocean and air 
currents, earthquakes and volcanoes, watersheds, habitat, soil chemistry, geology, and more. Finally, 
web mapping is well-connected to the content category of “science in personal and social perspec-
tive” because students need to continually question the accuracy, validity, source, purpose, and 
appropriateness of the data they are using.  Maps, like other data, are useful, but contain inaccura-
cies, distortions, and missing data, which can be understood through GIS.   This is particularly the 
case nowadays with the advent of crowdsourced data:  Students are encouraged to think critically 
about data:  Who created a particular data set, why was it created, and how was it created?  How 
often is it updated, at what scale was it created, and what are the accuracy limitations?  

Figure 1.  Modeling and 
analyzing the spatial pattern, 
time, distance, and direction of 
a tsunami from an earthquake 
in Japan, using ArcGIS Online 
(www .arcgis .com) . 

http://www.arcgis.com
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Web maps and GIS are made possible because of their close ties to mathematics, including geodesy, 
or the study of the shape of the Earth, through map projections, which are mathematically derived, 
and through other foundations. Thus, they have a natural tie to the incorporation of mathematics 
instruction with Earth Science. The mathematics content standards (National Council of Teachers 
of Mathematics 2000) that web mapping is particularly matched with include representing 
numbers, understanding patterns, relationships, and function, 
studying geometric and spatial relationships, probability, statis-
tics, models, measurements, reasoning, and connections. For 
example, data can be mapped as raw numbers, graphs, or ratios. 
Data can be classified as equal interval, quantile, standard devia-
tion, or through other methods. Students quickly see that the 
way that the data are classified has a great degree of influence on 
how the map looks and thus how the data are interpreted.

Not only are science investigations enhanced by the use of web 
maps, but the use of web maps is enhanced by a firm grounding 
in Earth and other sciences. This grounding provides the frame-
work by which questions can be formulated and problems 
designed. Asking questions forms the basis for knowing what 
types of data to collect, what data to analyze, and what decisions 
to make. The student that has a firm foundation in such topics as 
symbioses, natural hazards, and erosion asks the questions. Systems such as watersheds and biomes 
have shaped human interaction, and conversely, humans have profoundly affected these natural 
systems. Understanding these interactions is fundamental to asking questions and solving prob-
lems with web mapping tools. 

Investigating Earth Science topics with these web mapping tools lends relevancy and real-world 
contexts to instruction. Central themes of Earth Science have become daily news topics. These 
include the loss of life and property from hazards, how chemistry affects soil productivity, how 
energy is generated, and others, all of which have raised awareness of the need for studying issues 
through Earth Science education. Thus, Earth Science concerns have become global issues.  Earth 
Science concerns increasingly impact the everyday lives of everyone on the planet.  These issues are 
complex, requiring a different kind of thinking that crosses borders of countries, ecoregions, and 
disciplines.

Students who use web mapping in education develop key critical thinking skills (Milson, Demirci, 
and Kerski 2012). These skills include understanding how to carefully evaluate and use data. This is 
especially critical in assessing scientific data, due to its increasing volume and diversity, and given its 
often sensitive and politically-charged nature. In addition, crowdsourced data from citizen science 
initiatives all over the world includes information such as pine beetle infestation in a forest or the 
position of a glacier’s terminus with each passing season. These data are increasingly tied to real-
world coordinates and can thus be mapped and analyzed. Students using spatial analysis will be in 

demand to help make sense of the coming deluge of incoming data. 

As the 21st Century is making abundantly clear, we live on a dynamic planet, one that is changing 
on a variety of scales. One way that web mapping enables change to be examined is through satellite 
images, assigning different colors to different combinations of wavelengths to visualize particular 
patterns. Vegetation under drought stress or that is suffering from insect damage can be explored, 
as can land use changes from urbanization or agriculture. GIS also offers a rich array of animation 
and other time-enabled functions to visualize and understand climate and other changes.

Figure 2.  Analyzing the 
relationship between ecoregions 
and topography using ArcGIS 
Online .
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Students who are well grounded in the spatial perspec-
tive through investigating the Earth spatially are better 
able to use data at a variety of scales and contexts, think 
systematically and holistically, and use quantitative 
and qualitative approaches to solve problems. In short, 
these students become better decision makers. They 
ask questions, acquire resources, analyze data, assess 
and make decisions, and act on information. This often 
leads to additional questions, continuing the cycle. 
Much science has an applied nature—it leads to action. 
As issues such as water quality and availability and sea 
level rise transcend cultures and regions and become 
increasingly complex, web mapping as an integrative 
decision-making tool is critically needed. Students 
using web GIS can make the kind of decisions that will 
positively impact people and the planet.

GIS through Earth Science supports the collection of data in the field (Kerski 2012). In a world 
where outdoor education is often cut due to budgetary constraints, and when a frighteningly large 
proportion of the population has almost no connection with the outdoors (Louv 2008), the addi-
tion of GPS and web mapping can provide a much-needed connection between field-and-classroom. 
Students can collect data on a myriad of phenomena; they can sketch, record audio and video, take 
photographs, use probes, or simply use their five senses, and bring all of that collected data—both 
quantitative and qualitative—into the web-based mapping environment for analysis. Analysis could 
include determining how many pH readings below 5.5 occurred within 500 meters of a certain drain 
pipe, generating a wind and pressure surface map from 100 point data readings in their state, or 
creating a 3D scene of karst, volcanic, or coastal landforms. 

Given the widespread concerns faced by the modern world, it is imperative that students study 
and understand Earth Science to equip them for modern life and help ensure the sustainability of 
that world. How can we expect decision-makers to care about the planet and its people unless they 
have learned about the planet and its people as students?  And how can they learn about our world 
unless as students they engage in Earth Science and use web based GIS?

Using Web-Based GIS 
Esri’s ArcGIS Online (http://www.arcgis.com) is an example of a powerful, easy-to-use web-based 
GIS that is free for educators, where students and educators can construct, save, and share their 
own customized maps on an infinite variety of topics, scales, and devices. Maps and data in ArcGIS 
Online can be compared in a variety of templates using a standard web browser. The rich content 
spans the themes of natural hazards, land use, geomorphology, ecoregions, watersheds, weather, 
energy use, and many more. Data can be compared in many ways, such as in side-by-side maps, 
through altering the transparency or symbology of specific variables, and through analyzing the 
attributes. For more rigorous analysis with additional tools, ArcGIS Pro (http://www.esri.com/
software/arcgis-pro) offers further capabilities and is seamlessly integrated with ArcGIS Online.

For example, say you are interested in having students investigate the relationship between water-
sheds and streamflow. Start with ArcGIS Online, choose a base map such as imagery, USGS 
topographic maps, or streets, and add watershed boundaries. The watershed boundary services 
online show more detail as you zoom in to sub-watersheds and less detail (allowing to get a sense 

Figure 3.  Analyzing change over 
time at Mt St Helens through 
Landsat imagery using the 
“Change Matters” viewer .

http://www.arcgis.com
http://www.esri.com/software/arcgis-pro
http://www.esri.com/software/arcgis-pro
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for all of the Missouri River basin, for 
example) as you zoom out. Next, add stream 
gauging stations from the USGS, the hydro-
graph of each of which can be accessed by 
selecting specific points inside your new 
watershed map. Gauging stations near where 
the stream flows out of the watershed should 
reveal higher flow than those upstream. Add 
current weather, which allows for hypoth-
esis testing:  If a watershed has experienced 
several days of rain, what would your students 
expect the gauge height to reveal?  Finally, 
the same tool (ArcGIS Online) can be used 
to map student collected water quality and 
streamflow data, through, for example, the 
uploading of a simple spreadsheet. 

In another example, open the map “10 Landscapes of Wonder and Change” on http://www.
josephkerski.com/storymaps/10landscapes/. Each slide contains a live, interactive web map of 
the following landscapes:  Sand dunes, karst, glacial moraines and eskers, tectonic valleys, marshes, 
glaciers and ice fields, oxbow lakes and river meanders, the Great Plains, barrier islands, lava fields, 
and active volcanoes. Coupled with the web map are 5 questions on each landscape (http://edcom-
munity.esri.com/Resources/ArcLessons/Lessons/E/Exploring_10_Landscapes), including those 
on physical and cultural processes and the results of those processing, using skills of map interpre-
tation, measurement, and analysis of change over space and time. 

Student-collected data such as field notes, measurements, photographs, and videos can be hyper-
linked to specific points. The resulting map can be saved and modified later. It can also be turned 
into a presentation using the live web maps or a storymap (http://storymaps.arcgis.com), a web 
mapping application that allows students to 
incorporate multimedia. These storymaps 
can be used by an educator to teach an Earth 
Science concept, or by a student to present the 
results of his or her research. With web maps 
that can be zoomed and panned, filtered, and 
queried, the maps in these presentations and 
storymaps foster interaction and discussion 
much more than static slides do. An educator 
can assess a student’s work simply by 
accessing the URL for the student’s storymap 
and examining its content.

Now may be the perfect time to engage your 
students with web-based GIS to examine 
your community, your region, and the world. 
What will you do with these tools in your 
classroom?

Figure 4.  Analyzing current 
weather and streamflow using 
ArcGIS Online .

Figure 5.  Examining 10 
landscapes through an 
investigation of geomorphology 
using storymaps .

http://www.josephkerski.com/storymaps/10landscapes/
http://www.josephkerski.com/storymaps/10landscapes/
http://edcommunity.esri.com/Resources/ArcLessons/Lessons/E/Exploring_10_Landscapes
http://edcommunity.esri.com/Resources/ArcLessons/Lessons/E/Exploring_10_Landscapes
http://storymaps.arcgis.com
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For Further Exploration
Every few days, my colleagues and I 
in the Esri education program write 
in the EdCommunity blog (http://
edcommunity.esri.com/blog) about 
the applications of web mapping to 
education. 

ArcGIS Online (http://www.arcgis.
com) offers a powerful, and easy-to-
use web-based toolkit where students 
and educators can construct, save, and 
share their own customized maps on 
an infinite variety of topics and scales. 
The platform is free for any US K-12 
public, private, or home school through 
the ConnectEd initiative (http://
connected.esri.com). 

Story maps (http://storymaps.arcgis.
com) are web mapping applications that incorporate multimedia, live web maps, and more. The 
library gallery (http://storymaps.arcgis.com/en/gallery/#s=0) storymaps on sea level rise and 
storm surge on specific cities, drinking water, wildfires, wind farms, and much more. 

Curricular materials include the new GeoInquiries for Earth Science, 15-minute activities on a wide 
variety of topics:  http://edcommunity.esri.com/Resources/Collections/geoinquiries. Additional 
lessons from the ArcLessons library (http://edcommunity.esri.com/arclessons) include activities 
about water, energy, geomorphology, natural hazards, and more. 
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Mars is an enigma . Despite evidence from the Viking orbiters of a landscape dissected by channels, the 

Viking landers revealed the surface of Mars to be a desolate place, shaped primarily by wind rather 

than water . More recent data from the MER rovers has defined a world still dominated by wind, but a world 

in which water occurred both within the subsurface, and at least episodically, upon the land surface . With 

Curiosity’s investigation of Gale crater, currently pressing onward toward Mount Sharp, we continue to glimpse 

a land with a far more complex history of water than first imagined .
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Friday, April 1
09:30 – 10:30 a.m. Earth System Science Share-a-thon 
11:00 a.m. – Noon NESTA and Howard Hughes Medical Institute (HHMI) Share: 
 Multimedia Tools and Resources for Teaching Earth System Science 
12:30 – 01:30 p.m. EarthScope Chronicles: The Newberry Volcano—A Volcano Story 
02:00 – 03:00 p.m. Geology Share-a-Thon
03:30 – 04:30 p.m. Rock, Mineral, and Fossil Raffle
06:30 – 08:00 p.m. Friends of Earth Science Reception (Hilton Garden Inn, Skyline Junior Ballroom) 

Saturday, April 2
09:30 – 10:30 a.m. Astronomy and Space Science Share-a-thon
11:00 a.m. – Noon American Geophysical Union LECTURE: Dr. Linda Kah
 Kenneth Walker Professor at UT-Knoxville and Mars Curiosity Mission Co-PI 

(Music City Center, Grand Ballroom C2) 
12:30 – 01:30 p.m. NESTA and CIESIN Share: 
 Exploring a Compendium of Online Resources for Teaching Earth Science
02:00 – 03:00 p.m. Atmosphere and Ocean Share-a-Thon
03:30 – 04:30 p.m. Innovative Ways to Teach about Weather Observation and Weather Hazards 

05:00 – 06:00 p.m. NESTA Annual General Membership Meeting 

National Earth Science 
Teachers Association 
Events at 2016 NSTA National 
Conference in Nashville 

NESTA gratefully acknowledges the following organizations as sponsors:

All NESTA sessions are in Music City Center, Davidson B 
unless otherwise indicated
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Abstract
Field experiences and other place-based learning are some of the most effective ways to 
teach Earth Science. Educational specialists from the Lamont-Doherty Earth Observatory 
of Columbia University partnered with students and teachers from the Manhattan Center 
for Science and Math, a New York City public high school, to create field-based programs 
that may have long-lasting impacts on awareness of Earth System processes and problems. 
We describe the most recent of these programs as an example of what needs to be done to 
craft successful experiences.

Introduction
“The Real Classroom Is Outdoors—Get into It!” was a poster from some 50 years ago when the 
Earth Science Curriculum Project initiated the shift from traditional, rock-heavy teaching to the 
Earth and Space Systems approach now prevalent. It is almost self-evident that students who 
visit parks, nature centers, or other out-of-school experiences are more likely to become enthusi-
astic and show greater understanding of key concepts than those who only learn in classrooms or 
‘constructed, virtual’ environments.

Think back to your own earliest ‘Earth Science’ memories. You’ll probably recall some outdoor 
experience. ‘Little Mike Passow’ still sees in his mind dense fog drifting down the Hudson River near 
the Little Red Lighthouse during a kindergarten outing. Margie Turrin recalls trips to tap maple 
trees in Ontario with her kindergarten class, culmination of several weeks of tracking day-night 
temperatures as they learned that change in Earth’s seasons is responsible for release of maple sap.

There is no one correct way to construct field experiences, so this serve as one example of how you 
might design one. Every program is inherently different because each involves different settings, 
resources, teacher and student backgrounds, and instructional purposes. Yet certain basic similari-
ties, necessities and goals are common  to all.

First, intended goals must be identified prior to planning.  Goals should include connections with 
significant concepts from the course(s) students are studying, and then go beyond these to provide 
instructional models for conducting field-based research, team-building, problem-solving, and 
other valuable lessons that cannot be fully taught through classroom experiences.    

Second, preparation for field experiences should involve students more deeply than is usual for 
class-based lessons. Students as whole groups should be included in orientation to the planned 
events with small groups or individuals given responsibilities for such details as deciding menus, 
training on setting up camps, identifying necessary equipment for the science and field activities, 

Learning in the ‘Real Classroom’—
Inspiring through Earth Science 

Field Experiences 
By Michael J Passow, Margie K. Turrin, and Yecenia Delarosa
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packing personal items, etc. More-experienced students thus become role models for younger 
students, giving a sense of empowerment that cannot be developed when the teacher is the sole 
focus.

Third, field experiences require active learning. Students fully immersed in their sampling site have 
all their senses stimulated. Variables are changing constantly, highlighting the interconnectedness 
of the various Earth processes and offering opportunities to focus on Systems Thinking. 

Finally, students must consider how to communicate their data and experiences. They learn that 
collecting and sharing field-based research differs from lab-based projects. Many choose to partici-
pate in similar experiences in the future based on their satisfaction from these programs.

2015 MCSM – LDEO Field Experience
Our example spotlights a program based at the Lamont-Doherty Earth Observatory of Columbia 
University (LDEO) in Palisades, NY. The Lamont campus is located at the NY/NJ state line atop the 
Palisades cliffs on the Hudson River. Students come from the Advanced Science Research (ASR) 
Program at Manhattan Center for Science and Mathematics High School (MCSM). MCSM is a 
public school located in East Harlem drawing students from all five boroughs of New York City. 
The ASR Program is a three-year research program designed for those with strong interest in science 
and math. ASR students work with mentors at many prestigious institutions to develop their 
own research projects as they intern in state-of-the-art laboratories. Students enter regional, state, 
national, and international competitions; some have co-authored peer-reviewed scientific papers. 
The MSCM ASR program recently celebrated its 16th Annual Science Symposium.

Most ASR projects are based at medical and research institutions in New York City, so one goal of 
this program is to inspire students to learn the benefits of conducting field-based research.  MCSM 
students mostly come from highly-urbanized home environments, so for many this is their first 
time in a forest, canoeing, or even exploring a river beach. 

The first MCSM – LDEO field experience was in 2010, and included students from schools in 
Singapore (Chan et al, 2010). The second program in 2011 also included ASR students from 
Maurick College in the Vught region of The Netherlands. The 2015 program brought 28 MCSM 
students and 3 Maurick College students for this two-day experience.

Preparation for the Field Experiences
As with every field-based program, pre-planning and preparation are essential for success. Passow 
met with MCSM students during the four days leading up to the outdoor activities to provide 
a general overview of expectations, start collection of such details as lunch-box preferences and 
working groups, demonstrate how to assemble and take-down tents, and techniques for making 
field notes. We also provided introductions to the physical setting of the study area, river ecology, 
tide and current patterns in this portion of the Hudson River, and other concepts that provided 
“common” understandings regardless of where students were in their regular science course 
sequence.

Students and teachers then assembled necessary equipment—scientific and personal—that went 
onto the bus from Manhattan to Lamont. With students spread throughout New York City  some 
had to get up at 4 am and take three subway trains to the campus to begin loading at 7 am. This 
indicates how highly they value the ASR Program. 
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Day 1 – Ecology of the Hudson River Estuary
The main purpose for the first day was introducing students to doing field work. Modeling the 
successful “A Day in the Life of the Hudson River” program (https://www.ldeo.columbia.edu/edu/
k12/snapshotday/), Turrin organized sampling stations at the end of the Piermont Pier, a historic 
structure that extends into the Hudson not far south of the Tappan Zee Bridge (http://www.
rocklandaudubon.org/piermont_pier.htm). Goals for the rotations included demonstrating how 
collecting data in the field differs from working in the classroom or lab; obtaining reliable data that 
would be used as secondary data by other groups; and building their understanding of the ecology 
of the brackish Piermont section of the river (Turrin, 2015.) Students were encouraged to focus on 
such key questions at all stations as: What do you observe? What does this test tell us? Why is it 
important to know? How does these results relate to the other stations?

At Station 1, they collected water samples, then used kits to test a suite of water chemistry variables. 
pH, salinity, dissolved oxygen and per-cent saturation were most important, with supporting data 
about nitrates, phosphates, and alkalinity (Figure 1). They measured abiotic physical factors (air 
temperature, wind, cloud cover, tides, currents, turbidity, and water depth) at Station 2. 

At Station 3 students donned waders to obtain push cores (Figure 2). These produced data about 
changes over time, superposition, and characteristics of the sediments, such as odors indicating 

Figure 1. Testing water chemistry parameters

Figure 3. Seining for river life

Figure 2. Ready to collect push-cores from the sediments

Figure 4. Highlight of the seine collecting

https://www.ldeo.columbia.edu/edu/k12/snapshotday/
https://www.ldeo.columbia.edu/edu/k12/snapshotday/
http://www.rocklandaudubon.org/piermont_pier.htm
http://www.rocklandaudubon.org/piermont_pier.htm
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anaerobic decomposition. Fragments of coal, slag, brick, shells, and other materials in the cores and 
shore opened vistas of the area’s history. 

Station 4 provided opportunities to collect organisms by seining and combing the shoreline 
(Figure 3). For our ‘City Kids’, this was the first time to come face-to-face with a live turtle 
(Figure 4), dead striped bass washed up on the shore, and other river life.

Station 5 dramatically demonstrated the potential impact of sea level rise. One student stood at 
the water’s edge with a pole marked at 11 in. 22 in., and 39 
in. Others ran strings horizontally from each mark to where 
it intersected the land. From this, students developed better 
understandings of the potential impact of sea level rises equal 
to what has historically occurred in the past century (11 in.), a 
doubling of this value, and the ‘projected worse-case scenario.” 
They saw that the smallest rise does not mean the water would 
be 11 in. from where it currently is, but rather would cover many 
feet of shoreline. The drama really came when they realized that 
the highest-level change would completely submerge the penin-
sula on which the pier was located, and that a similar increase 
would submerge much of Florida and the East and Gulf Coasts 
of the US (Turrin, 2014.)

Activities on the Pier concluded with group sharing of data and 
conclusions, and properly storing equipment, again modeling 
what happens in ‘real’ field experiences.

Major differences between lab- and field based-experiences were 
discussed during evening activities. Instead of going home 
by subway, students gathered at Lamont Hall for a barbeque, 
followed by a walk through the formal garden (and taking the 
obligatory group picture, Figure 5). Then they boarded the bus 
to the Alpine Picnic Area of the Palisades Interstate Park. There, 
after setting up tents, students created memories watching New 
York City take on its nighttime appearance, making s’mores over 
a campfire, and otherwise bonding in ways not usually possible 
during the school day or in laboratories (Figure 6).

Day 2 – Forest and River Environments   
The second day began with breaking camp and coming to the 
Lamont Campus for breakfast. (They were efficient, arriving 
about 30 minutes before we expected them!)  First on the 
schedule was an Eco-Hike through the forest on the Lamont 
Campus (Figure 7.) Here, students gained greater understanding 
of the geological setting;  dendrochronology; ecological succes-
sion changing the region since the end of the Pleistocene ice 
sheets retreat; deforestation during the 18th & 19th centuries, 
and subsequent second growth; invasive species; dead trees 
and the Carbon Cycle; and human land-use history of the area 
(http://earth2class.org/site/wp-content/uploads/2015/05/
KEY-POINTS-FOR-THE-ECO-HIKE.pdf) .

Figure 5. MCSM, Maurice College, and LDEO ‘Team Photo’

Figure 6. Bonding over s’mores during the overnight camping (Person in 
the center is the MCSM Principal who stopped by to share the evening 
experience)

Figure 7. Explaining the Lamont campus forest ecosystem

http://earth2class.org/site/wp-content/uploads/2015/05/KEY-POINTS-FOR-THE-ECO-HIKE.pdf
http://earth2class.org/site/wp-content/uploads/2015/05/KEY-POINTS-FOR-THE-ECO-HIKE.pdf
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For many, the highpoint of the trip followed: canoeing on Sparkill Creek through the Tallman 
Saltmarsh and into the Tappan Zee region of the Hudson River (Figure 8.) We gathered in the 
boat off the mouth of the creek to discuss the geological history of the Palisades to our west and 
Manhattan prong to our east, as well as the ecological history of the saltmarsh. They reflected about 
our studies the day before on the nearby Pier. Most students had not previously been in a canoe, or 
even on a river, so this experience was particularly impressive.

Before boarding the bus to resume their ‘real lives,’ each shared one “take-away thought” with the 
group. Online materials and additional images from this field experience are available at http://
earth2class.org/site/?page_id=8439. 

Conclusions
Field-based experiences are effective ways to stimulate interest in Earth Science, as well as develop 
many positive affective results. Successful field experiences require attention to details during plan-
ning and carrying out components of the program. Funding may be available from various sources 
in and out of District programs. When experiences can be offered over a period of years, older 
students can serve as mentors and role models for younger students, thereby empowering all.  
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Earth Educators’
Rendezvous

University of Wisconsin, Madison   July 18-22, 2016

“The Rendezvous was the best professional 
development conference I have attended.”

— 2015 Participant
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Abstract
Imagine a world where high school students come together from many countries to 
work on Earth science issues. Imagine they set aside differences, and choose to focus on 
real-world problems facing their communities. You don’t need to imagine this, because 
this is the work of the International Earth Science Olympiad (IESO). Classroom teachers 
can use the work of the International Earth Science Olympiad to show how diversity in 
Earth science helps solve problems. At the IESO the students are assessed on their indi-
vidual Earth science knowledge and skills. But the heart and soul of the program is the 
International Team Field Investigations. These investigations can serve as a source of class-
room activities that bring a global and diverse approach to real-world problem solving. For 
advanced Earth science students who need a challenge, problems from previous IESO 
exams are available.

What is the International Earth Science Olympiad (IESO)?  
The International Earth Science Olympiad is one of several international olympiads, such as those 
in math and physics chartered by the United Nations. It is organized under the guidance of the 
International Geological Education Organization (IGEO). The olympiads bring together educators 
in their disciplines and allow students from attending countries to meet. The students are assessed 
in their skills and medals are awarded to the top preforming students. However the IESO goes one 
step further. The students are individually assessed, and then placed on international teams. The 
International Team Field Investigation (ITFI) allows the students to work with their global peers on 
one or more real-world, Earth science challenges relevant to the hosting country. The team commu-
nicates in English, goes into the field to collect data, makes observations, and then prepares a power 
point presentation. Their work is then presented to an international jury of educators, scientists 
and political leaders. This jury selects the winners in the ITFI.  

Diversity Model
The International Earth Science Olympiad (IESO) is a diversity model for the classroom; groups 
of students from all the populated continents work together to solve challenges. The international 
work for the students is modeled on what we would like to see as international cooperation between 
geoscientists at the professional level. We strongly believe that this cooperation to research and find 
solutions to Earth issues should start while the students are still young.  

The International Earth Science 
Olympiad as a Model of Problem-
solving Diversity in the Classroom
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The diversity of this group is profoundly beautiful. They bring different strengths, skill sets, and 
worldviews to the meeting. In 2015 the group met in Brazil near San Palo (See Figure 1). Southern 
Brazil is currently experiencing a mega-drought. Students from Russia worked with students from 
Ukraine. Students from Israel worked with students from Muslim countries. They worked on the 
impacts of El Niño in international groups. Why is this important? Because the Earth science issues 
facing humanity require all communities, all cultures, and all countries to work together. These 
issues include sea level change, tsunamis, mega-storms, ocean acidification, soil depletion, earth-
quake prediction, and chemical pollution. Country boundaries are human constructs. The science 
of the Earth knows no human boundaries. It is essential for human beings to learn to work 
together.

When we learn to work multi-culturally we bring more understanding to the table. The solutions 
to Earth issues that work in one community may not transfer to or work well in another. What 
works for drinking water in Israel may not work in Haiti or Indonesia due to cultural and other 
reasons. But when we come together as scientists and work together, we can better serve all 
humanity with our collective knowledge of Earth science. To accomplish this, all countries, cultures 
and communities must be invited to join the table of international discussion.

The official language of the IESO is English. Organizers are working harder to make it possible for 
all countries that wish to attend to do so. Currently, Africa and South America are under-repre-
sented.  In 2016 Japan is setting aside funds to support country teams that need financial assistance. 

Classroom Resources
Earth science teachers can use some of the international challenges from the IESO in their own 
classrooms. Groups of students from all over the world have sat down together to work on these 
problems. The solutions that work in one country or community may not work everywhere, but the 

international discussion helps people to find solutions that will work for them. Classroom 
activities can be found at http://eatailer1.wix.com/team-usa-ieso#!classroom-activities/
srdo8 

The work of the IESO using international teams of students is framed in terms of Earth 
systems. The students are asked to evaluate Earth science issues such as how the Solar 
system, Atmosphere, Hydrosphere, Geosphere, Biosphere and Human-sphere interact. The 
challenges are open-ended. There are no correct answers. Some of the challenges require 
fieldwork, and all of the challenges require research online. Classroom students should 
choose to represent a country and community that is impacted by the Earth science 
issue. They will need access to computers to be able to research the Earth science issues in 

Previous test problems 
for classroom use
Advanced Earth science students 
can do problems from previous 
IESO exams .  These are very 
challenging . These can be found at 
http://www .ieso-info .org/test-from-
the-ieso-past-editions/

Figure 1. Students in Brazil at 
the 2015 International Earth 
Science Olympiad

http://www.ieso-info.org/test-from-the-ieso-past-editions/
http://www.ieso-info.org/test-from-the-ieso-past-editions/
http://eatailer1.wix.com/team-usa-ieso#!classroom-activities/srdo8
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IESO Brazil 2015, El Niño International Team Field Investigation

Background. 
The El Niño of 2015 was quite strong . It impacted weather patterns in North, South and Central America . It caused drought, flooding, 
soil erosion and changes in marine ecosystems . The city of San Palo, Brazil, population 15,000,000, faced possible evacuations due 
to water shortages . The lowest income communities are the hardest impacted by the shortages . In Brazil the International Team 
Field Investigation was based on this challenge . Explain “El Niño” in terms of interactions between the Earth systems of all of the 
spheres: Geosphere, Hydrosphere, Atmosphere, Biosphere, and the Human-Sphere .  

First day activities.  
Break the students up into teams . In the IESO we like to use teams of four to eight students . Each student should have a country 
that they wish to represent . Each team should have only one representative from any “country” .  The science of the phenomena 
should be taught as is appropriate to students . Some differentiation will allow for some students to conduct further research online . 
At the ISEO students are taken out in the field to directly observe and investigate the problem . While this may not be possible when 
adapting the challenge to the classroom, consider incorporating an outdoor activity into the challenge .

Second day activities.  
Have the groups create a diagram showing how the different Earth science systems interact . They should have examples of each 
interaction .  

Examples of interactions
During “El Niño” there are changes to precipitation patterns . Drought causes loss of plant cover; subsequent floods cause erosion 
of unprotected soil . The increased erosion leads to increased sediment load in the rivers and estuaries causing increased die-
offs of aquatic life . The increased nutrient load can cause algae blooms, increasing oxygen depletion, causing further die-offs . 
(Hydrosphere > Biosphere>Geosphere> Biosphere)

As tectonic uplift raises mountains along the coast of the Pacific Ocean increased precipitation leads to increased snow pack, and 
more consistent runoff from the snow pack . (Geosphere>Hydrosphere)

The sun spot cycle is at an eleven-year energy high . This increases the energy in the sunlight and causes further ocean 
warming . The elevated ocean temperature increases evaporation, putting more moisture into the atmosphere . The increased 
moisture in the atmosphere is precipitated out when the air rises over the mountains along the east coast of the Pacific ocean, 
creating extreme flooding, erosion, soil loss, and human suffering . (Atmosphere > Hydrosphere > Geosphere + Human-sphere)

Conclusion. 
Student groups use their diagrams to show how El Niño impacts each country they represent . Maps may be helpful . They discuss 
what can be done to mitigate the negative impacts . What proposals are culturally appropriate? What can local communities 
afford? How can counties and communities work together? (Note: In 2015 Brazil promised Guatemala food aid even though both 
countries were hard hit by drought caused by El Niño .)

Culminating activity. 
The student groups present their diagrams, maps, and their ideas on positive action in each country to the rest of the class .

MS-ESS2-5. Collect data to provide evidence for how the motions and complex interactions of air 
masses results in changes in weather conditions .

MS-ESS3-2. Analyze and interpret data on natural hazards to forecast future catastrophic events and inform 
the development of technologies to mitigate their effects .

Figure 2. Earth Systems and Earth and Human Activity Middle School NGSS standards supported by the field 
investigation .
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their “country.” Past challenges include investigating volcanic impacts, earthquake impacts, and the 
effects of deglaciation, among others. IESO challenges meet Next Generation Science Standards in 
Earth science.

Cultural blindness to Earth science issues
We all tend to bring our own viewpoints to investigating problems. Even when shown the data and 
scientific evidence, we find it hard to grasp the complexity of issues. Aquifer depletion, soil loss, 
drought, and sea level change are just some of the issues confronting humanity. Diverse groups of 
scientists working together to solve global issues are better able to get around individual, limited 
perspectives. Working internationally and multi-culturally, it is easier to not only see potential 
limitations, but to share approaches to solving the human issues associated with the scientific 
data. The United States is a country of many cultures. Modeling the challenges and format of the 
International Earth Science Olympiad allows teachers to use multi-cultural approaches to solving 
Earth issues.

Be part of IESO Team USA in Japan
In 2016 IESO Team USA will be taking the United States team to the International Earth Science 
Olympiad in Mie, Japan from August 20 through the 28. The NESTA teacher of the best-prepared 

Earth science student in the United States will be invited to attend the IESO at no 
cost and be part of the USA delegation. The NESTA member’s round trip air fare 
and conference fees will be covered by the IESO Team USA, INC. The conference 
fees cover food, lodging, and all activities at the IESO including travel to fieldwork, 
and special cultural events. 

Students need to be nominated to participate in the ISEO by their teachers. The 
students will then take a written assessment of their earth science skills on April 
10, 2016. The fee for the test is $25 per student. The tests will then be evaluated 
and the teachers of the top scoring students will be notified. These students will 
then have the opportunity to attend a summer training program in Vermont to 
be held from June 25 to July 2, 2016. At the end of this camp the students will be 
re-assessed, and the top eight students will be going to Japan, four as team USA 
members, and four as alternates. On July 2nd the teacher who nominated the 
highest scoring student will be notified that they can travel free of charge with 
ISEO Team USA if they choose. If he or she declines, then the NESTA teacher who 
nominated the second highest scoring student will then be contacted, and asked to 
attend the IESO. The teachers must be members of NESTA as of March 15th, 2016 
to qualify for the free trip. The other teachers of the top scoring students may also 
attend, but will need to pay both travel costs and conference fees. 

Earth Science educators, professors, and professionals from all over the world will be at the ISEO. It 
is a wonderful learning experience for teachers that allows them to discuss teaching practices with 
their international peers. For more information, please visit the IESO web page at http://www.ieso-
info.org/.

Nominate a student
Do you have high-performing Earth 
science students who are ready to take 
on the world?  The International Earth 
Science Olympiad is being hosted by 
Japan in August 2016, and is currently 
seeking nominations for high school 
students who possess advanced Earth 
science skills . Please go to our web site 
at http://eatailer1 .wix .com/team-usa-
ieso and nominate your outstanding 
student(s) . Teachers must nominate 
current or former Earth Science students 
via e-mail prior to March 15, 2016 to 
be part of IESO Team USA . (See student 
eligibility requirements on IESO Team 
USA web page .

About the Authors
Thomas and Elizabeth Tailer . Tom received his B .S . in Earth Science at Dartmouth College ’78 . Tom and 
Beth ran the Governors Institute of Engineering at UVM for many years . They live in Essex, Vermont in a 200 
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Advertising in the nestA QuArterly JournAl, 
The earTh ScienTiST

NESTA will accept advertisements that are relevant to Earth and space science 
education. A limited number of spaces for advertisements are available in each issue.

Artwork
We accept electronic ad files in the following formats: high-res PDF, TIFF or high-
res JPEG. Files must have a minimum resolution of 300 dpi. Ads can be in color. 

Advertising Rates
Full-page 7.5” w  ×  10” h $500
Half-page 7.25” w  ×  4.75” h $250
Quarter-page 3.625”w  ×  4.75”h $125
Eighth-page 3.625”w  ×  2.375”h $75

Submission Deadlines for Advertisements
Submission dates given below are the latest possible dates by which ads can be 
accepted for a given issue. Advertisers are advised to submit their ads well in 
advance of these dates, to ensure any problems with the ads can be addressed 
prior to issue preparation. The TES Editor is responsible for decisions regarding 
the appropriateness of advertisements in TES.

Issue Submission Deadline Mailing Date

Spring January 15 March 1

Summer April 15 June 1

Fall July 15 September 1

Winter October 31 January 1

For further information contact Howard Dimmick, Treasurer – dimmick@esteacher.org
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ThE EarTh SciEnTiST (TES) 
MANUSCRIPT GUIDELINES

NESTA encourages articles that provide exemplary state-of-the-art tested classroom activities and background science content 
relevant to K-12 classroom Earth and Space Science teachers.
n	 Original material only; references must be properly cited according to APA style manual
n	 Clean and concise writing style, spell checked and grammar checked
n	 Demonstrates clear classroom relevance

Format Specifications
• Manuscripts should be submitted electronically – Microsoft Word (PC or Mac)
• Length of manuscript should not exceed 2000 words.
• All submissions must include a summary/abstract.
• Photos and graphs: may not be embedded, but must be submitted as separate files, of excellent quality and in PDF, EPS, 

TIFF or JPEG format. 300 dpi minimum resolution. Color or black and white are both accepted.
– References to photo/chart placement may be made in the body of the article identified with some marker: <Figure 1 

here>  or  [Figure 1 in this area].
• Website screen shots: If you wish to include “screen shots” within your article, please also supply the direct link to the site, 

so TES can go online and grab the same screen shots at as high a resolution as possible. Note: When used, screen shots will 
produce a poorer image than a digital photograph, thus their inclusion in your article will produce an image that will look 
less crisp and bitmapped.

• Figures should be numbered and include captions (Figure 1. XYZ.).
• Captions, labeled with a clear reference to their respective photo/chart/image, must be submitted in a separate file, or they 

may be placed at the end of the manuscript where they can easily be removed and manipulated by the editor.
• If using pictures with people, a signed model release will be required for EACH individual whose face is recognizable.
• Each article must include: author(s) names, the school/organizations, mailing address, home and work phone numbers 

(which will not be published), and e-mail addresses.

Review
Manuscripts are to be submitted to the Editor, via the email address at the bottom of the page. Manuscripts are reviewed 
by the Editor for content and language. The Editor is responsible for final decisions on the publication of each manuscript. 
Articles will then be submitted to our Article Reviewers. Manuscripts may be accepted as is, returned for minor or major revi-
sions, or declined, based on the decision of the Editor. The Editor reserves the right to edit the manuscript for typographical 
or language usage errors.

Page Charges
A fee of $100 per page is charged to authors who have institutional, industrial, or grant funds available to pay publication 
costs. Page charges include Open Access, so that the article will be made available to anyone on the NESTA website. The 
author may also post the formatted and published article, in PDF form, on their own website, on other third-party website 
article repositories, and circulate their article via electronic means such as email. Authors are urged to assist in defraying costs 
of publication to the extent their resources permit, but payment of page charges is not required from authors. Payment of 
page charges has no bearing on the decision to accept or reject a manuscript.

Copyright Transfer Waiver
The lead author of the article shall submit a signed NESTA Copyright Transfer Waiver. 

The waiver form may be obtained from the NESTA web page. When completed AND signed it should be sent to the Editor. It 
may be sent as a printed original by US mail (address below), or as a PDF attachment via e-mail.

We cannot begin the production process until this signed waiver has been received. Please help us to expedite the publication 
of your paper with your immediate compliance. If you have any questions, please e-mail the NESTA Editor as listed below.

Submission Deadlines 
Issue Submission Deadline Mailing Date
Spring  December 15 March 1
Summer  March 15 June 1
Fall  June 15  September 1
Winter  September 30 January 1

For further information contact:
David Thesenga, EDITOR
dthesenga@gmail.com
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