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LESSON IN

EOSPATIAL

INQUIRY

ERIC NOLAN, BROOKE A. WHITWORTH,
AND LORI RUBINO-HARE

eospatial Inquiry is an educational framework that offers

students an opportunity to engage with, and become cu-

rious about, geospatial data for a defined purpose. We de-
fine Geospatial Inquiry as: “Asking and answering a question
through the analysis and communication of data that is linked
to a geographic location on, above, or near Earth.” (Rubino-
Hare et al. 2017).

When we use the term geospatial, we are referring to an
awareness of one’s surroundings on Earth as viewed through
the lens of various data, maps, and social interactions (Rubino-
Hare et al. 2017). Through Geospatial Inquiry, students gain
exposure to practices that bring their personal experiences into
a classroom environment where they can learn about geospatial
analysis; 2lst-century workforce skills; geospatial technology
capabilities; and science, technology, engineering, and math-
ematics (STEM) career awareness.

Since Geospatial Inquiry is designed to evoke curiosity and
engagement, students have multiple opportunities to seek in-
formation and explore ideas on how they see the world they live
in. Geospatial Inquiry uses technology and data combined with
inquiry-based teaching methods to enhance student learning
(Claesgens et al. 2013). These data are often represented visu-

ally using maps. In Figure 1, we show the process of geospatial
inquiry. The six attributes of the Geospatial Inquiry process are

examine data

ask questions

acquire additional data
analyze and interpret data
argue from evidence, and
revise arguments.

These do not have to be followed in a step-by-step pro-
cess; rather, they may be iterative and cyclical, returned to or
skipped, depending on the investigation.

Geospatial Inquiry helps students formulate and structure
their interpretations of geospatial data into claims and argu-
ments based on observation, critical thinking, and reflection.
Not only are students given opportunities to express their un-
derstanding of data in interesting and creative ways, but they
also become familiar with the nature of processing and visual-
izing data sets. For guiding principles that will help create a
lesson plan on Geospatial Inquiry, please refer to Figure 2.



FIGURE 1 FIGURE 2

Geospatial inquiry.

Guiding principles of geospatial inquiry.

GEOSPATIAL
INQUIRY
o

EXAMINE DATA 1

To help provide an example of how to use Geospatial Inqui-
ry, we have designed a climate change unit that you can use
or modify to fit a more appropriate focus area. The guiding
question of the unit is: What is our local impact on global climate
change? This unit incorporates two Next Generation Science
Standards (NGSS) under Earth’s Systems and Earth and Hu-
man Activity (see NGSS box, page 33).

Products for this unit include an outline and a presentation.
The presentation should include maps that provide a visualiza-
tion for the data used. The purpose of the presentation is to help
students learn to communicate an argument with data. These
products provide students diverse opportunities to engage
through writing, discussion, and an oral presentation. The pur-
pose of the outline is to help students structure their presenta-
tions with clarity and bring their ideas back to the overarching
question. Using outlines may require scaffolding by the instruc-
tor to help ensure that students construct their outlines and pre-
sentations in an organized fashion to better communicate their
findings. This lesson can be conducted for an 11th- or 12th-
grade classroom over seven to eight days of 60-minute periods.

. Geospatial Inquiry is used for a purpose: to provide

relevant, engaging, authentic learning experiences
through the process of answering a question, solving
a problem, or explaining a phenomenon.

. Geospatial technologies are tools that support

Geospatial Inquiry: to make sense of relationships
and patterns in geospatial data and to create visual
representations that can be used as evidence to
support written arguments.

. Geospatial Inquiry promotes cross-disciplinary

practices and 21st-century skills such as
collaborating and participating in a learning
community with peers to ask questions, creatively
select and display appropriate geospatial data,
critically analyze and interpret geospatial data,

and engage in argument using geospatial data as
evidence to communicate ideas to diverse audiences.

. Geospatial Inquiry is a reflective practice. It starts

from prior knowledge and experience and requires
metacognition in order to develop conceptual
understanding.

. Geospatial Inquiry is socially constructed. It provides

opportunities to collaborate, compare ideas with
others, and receive feedback on those ideas through
productive, equitable, and respectful discourse.
Viewing all ideas as resources can advance the
knowledge of a learning community.

. Geospatial Inquiry is iterative and sequenced over

time to promote conceptual understanding of big
disciplinary ideas and to scaffold technological and
communication skill development.

. Engaging in Geospatial Inquiry and seeing how

Geospatial Inquiry is used by professionals provides
inspiration to enter STEM careers.




For our unit, we used ESRI’s ArcGIS Online software (see
“On the web”), which offers a variety of features for map-building
that encourages interaction and overlaying of different data
sets (Figure 3). ESRI offers basemaps that show satellite imag-
ery, land and ocean topography, and street views. We used their
topographic basemap as the main map style, and selected the
Colorado Plateau and Grand Canyon so students have a context
of place. Since we are based in Flagstaff, Arizona, we looked at
our region of the world as being situated in the high deserts of
the Colorado Plateau surrounded by forestland.

ESRI also offers layers, which are company- and user-up-
loaded data files representing data geospatially on a map. Ex-
amples of the many different types of layers include USA Road
Density, World Bioclimates, and USA Surface Water. If resources
are available, we recommend using ESRI’s ArcGIS Online; if
resources are limited, we suggest using Google Earth Pro for
Windows or Mac, which is free and offers similar data types.
Throughout the course of the unit, it would help to arrange
for computers with internet access so students can familiarize
themselves with geospatial technology and web-based searches.

When utilizing the internet for classroom use, it is impor-
tant to make sure that students only open web browsers for the
purposes of the unit and do not to engage with social media
or other distractions that can take away from the lesson. Also,
internet safety use can include (but are not limited to) the fol-
lowing: not sharing login information, keeping passwords pri-
vate (except from parents), use of appropriate language, and for
teachers and administrators to initiate parental controls when
and where appropriate.

The first day is best used to allow the inquiry process to take
root as you and your students ask each other questions for the
purpose of socially constructing a response to the overarching
question. It would be useful to have a world map (if resources
are available, we recommend using ArcGIS or Google Earth
as the geospatial technology tool) on display during this initial
discussion to show students the relevancy of the overarching
question to their location so they can begin to think geospatially
(NRC 2006).

We began by asking the question, “What is our local impact
on global climate change?” so students had a guiding idea they
could return to throughout the duration of the unit. We then
asked our students to consider the following questions:

® What information do you need to explore about how our
location is related to global climate change?

® What data would you need to acquire in order to offer
evidence supporting your claims?

* How will you analyze and interpret the data?
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FIGURE 3

Scaffolding to provide students for
creation of outline.

Overarching question

e What information do you need to explore your
location in relation to global climate change?

e What data would you need to acquire in offering
evidence?

e How will you analyze and interpret the data?
e Peer feedback and recommendations
* Presentation

Example of outline created by students

What is our local impact on global climate change?
What power plants are nearby? Are there
concentrations of power plants in your area?
ArcGIS map layers showing proximity of power plants to
Flagstaff, AZ

* Power Plants in the U.S.

* TransmissionLines Vector v2

Supporting layers in ArcGIS to show local impacts that

contribute toward global climate change

¢ Greenhouse Gas Emissions (GHG) — Coalfired Power
Plants in the U.S.

e USA Drought Intensity (Current Conditions)

What data would you need to acquire in offering evidence?

We have two coalfired power plants that deliver

electricity to Flagstaff, AZ. Supporting evidence came

from the data table in the ArcGIS layer Greenhouse Gas

Emissions (GHG) — Coalfired Power Plants in the U.S

* Navajo Generating Station: Total CO, = 5,645,568
metric tons (2009 total)

¢ Cholla Power Plant: Total CO, = 2,633,592 metric
tons (2009 total)

How will you analyze and interpret the data?
* | would like to show the concentration of coalfired
power plant emissions in my area.

Peer feedback and recommendations

e Student A suggested | research the internet for
federal and state laws that address carbon dioxide
emissions.

¢ Student B recommended that | contact someone at
the Environmental Protection Agency with questions
| have about carbon dioxide emissions and the
impact it will have on regional drought conditions.

Presentation

e | used the Storymap feature inside of ArcGIS to help
me visualize the geospatial data and show what state
and federal laws say about carbon dioxide emissions.
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By opening up a discussion of conditions that contribute to
climate change, what scientists say about the dramatic changes
we are seeing, and how our part of the world is affected by all of
this, you begin to engage students in the inquiry process. Since
this is the stage where you can gain student interest, it might be
a good idea to let the conversation take a form of its own. Teach-
ers should use the discussion as an opportunity to formatively
assess students’ thinking and how those viewpoints relate back
to the overarching question. Through these observations there
may be moments when the conversation needs a guiding com-
ment to point students in the right direction.

We recommend using a computer lab for the first day so
that you can introduce the software and demonstrate geospa-
tial mapping if students are not already familiar with it. It
might be helpful to reserve a computer lab or other computer
resources that would give students internet access to help them
follow along with what comes out of the discussion. The pro-
cess of finding viable information will take time as students
may need to learn concepts such as validity, credibility, and re-
liability if they are not familiar with them (Georgetown Uni-
versity Library 2019). Therefore, depending on your students’
prior knowledge, you may need to adjust your lesson plans for
more than one hour on Day 1. If time permits, allow students
to conduct web-based searches with your assistance while they

explore the overarching question. The goal is for them to find
valid sources of information so they can structure their reason-
ing through evidence-based claims.

On Day 2, students can either begin, or continue from Day
1, constructing their outlines to answer the overarching ques-
tion. Figure 4 shows an example of a completed student outline
with the overarching question and sub-questions in italics, fol-
lowed by a student’s findings beneath. For many students, this
may be their first time constructing an outline, so it might help
to introduce the portion of the outline in italics as a scaffold to
structuring their investigation.

The outline is structured to focus students on examining
where things are, what is nearby, and where areas of concentra-
tion are found by listing relevant findings. For example, in Fig-
ure 3 we put together a map within ArcGIS Online showing the
locations of power plants and transmission lines in the south-
western region of the United States. While examining the map,
students were asked to analyze the proximity of power plant
locations to various cities and neighborhoods. Probing ques-
tions such as, “What type of power plant is close by?” “Which
resources are being used in the creation of each power plant’s
electricity?” and “What types of information would report car-
bon dioxide emissions from throughout the area?” helped scaf-
fold students back to the overarching question.

FIGURE 4

Layers for power plants and transmission lines across the southwestern United States.
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Day 3-4: Acquiring Additional Data F|GUR.E 5 |

For the third and fourth days, students should continue searching
the internet for additional information to support their claims.
Searching activities will need scaffolding from the teacher so stu-
dents do not get lost looking at unverifiable or potentially dis-
credited information (e.g., Who is the author? What is the quality
of data?). We recommend looking at government websites, local
news organizations, and overall reputable sources such as USA
Today and Reuters as places to find facts and evidence that sup-
port their claims (Media Bias Fact Check 2019). There are many -
different directions students can go in during this part of the pro- _ iR o 1 7
cess and that is why we have included it as a two-day process. o

While acquiring additional data, students should continue con-
structing their outlines to help organize their thoughts and ideas
into what will eventually be a presentation. Based on their initial
inquiries, students can search the internet and library resources

for evidence to support their claims based
on what the geospatial data tells them.
For example, additional data within our
class ranged from finding extra layers in
ArcGIS Online such as concentrations of
greenhouse gas emissions from coal-fired
power plants to finding news stories and
federal and state policies on carbon dioxide
emissions. Collecting additional data gave
students a chance to build on their own
knowledge to help them make convincing
arguments supported by evidence.

Day 5—6: Analyze and Interpret
Data, Argue from Evidence,
and Revise Arguments

After students familiarize themselves with
maps and collect information in relation to
the overarching question, they can begin
to openly discuss their ideas in a shared
environment of peer feedback and rec-
ommendation. Depending on what the
teacher sees as appropriate, having an open
discussion with the class will allow time
for reflection and critique. Students make
their thinking visible so they can work
on ideas together. The important focus
here is not to subject students to ridicule
but rather to give them an opportunity to
listen to other perspectives. By the end of
the fifth day, students should have a struc-
tured draft of their outline displaying any
potential revisions to help strengthen their
understanding and argumentation. By the
end of the sixth day, students should have a
final outline reflecting how they intend to
present their findings and claims.

Layer showing sources of carbon
dioxide emissions across the U.S.

FIGURE 6
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TABLE 1

Sample rubric for presentations where students are evaluated on their argumentation
using geospatial data. (modified from LDC CoreTools, 2019)

Evidence from the
presentation

Argumentation Category

Assets and Limitations of
the Deliverable Format for
Presenting the Argument

Suggestions

Focus
Does the presentation
maintain focus on a

convincing position or
claim?

Controlling Idea
Do the elements of the
presentation clearly

support the position or
claim?

Research
How is the geospatial data
displayed or represented
to support the argument
using this presentation?

Development

Does the presentation
include sufficient details
and information to support
the argument?

Day 7-8: Presentations

It should be noted that the timing of students presenting their
work will greatly vary from classroom to classroom, so we recom-
mend altering lesson plans to make sure students have sufficient
time to make their cases. The presentation of students’ work can
come in multiple forms such as slide shows (an example of an
ArcGIS Online version is provided in Figure 6), portfolios, Sto-
rymaps (an additional feature from ArcGIS Online), and essays.
These various formats should be guided by the outline construct-
ed over the course of the lesson. Students are given 3—5 minutes
to present their work during class and address questions from
their peers. Depending on the number of students in your class
and your students’ ability to complete their outlines by Day 7, you
may need an extra day to complete presentations.

Assessment

Students” work will apply toward two summative assessments,
a final outline and a final presentation. Table 1 is a rubric we
used to guide the assessment of the final presentation. Table 2

asks questions for teachers to think about when designing their
own forms of assessment.

The sessions of open discussion and peer feedback will give
students and the teacher time to connect and help one another
in the co-construction of their knowledge. Participation points
can be included where students only receive points by asking
and/or answering productive questions during the discussion
sessions. The outline and discussion sessions can be used as op-
portunities for students to ask questions, analyze, and interpret
geospatial data. A final outline and presentation will put for-
ward the evidence needed to showcase their understanding of
geospatial data and what they feel would be the next steps.

Diversity and accommodations in the use of
geospatial inquiry

Geospatial Inquiry can be used for a multitude of purposes. For
example, teachers within our research have used Geospatial In-

quiry for looking at wildlife risks in public parks, the life his-
tory of endangered species, the history of civilizations within a

www.nsta.org/highschool | 3‘|




TABLE 2

The questions below help teachers
design their assessments.

What is our local impact on global climate change?

How can geospatial data be used to help explain
where and why climate change occurs?

What patterns and relationships in geospatial data
indicate high risk of human impact?

How can geospatial data and tools be used as
evidence to communicate risk?

Do students have multiple opportunities to ask
questions, analyze and interpret geospatial data,
argue from evidence, present their arguments, and
revise their thinking?

Consider ways to assess content knowledge and
skills, communication skills, and process. Consider
both formal products and informal assessments
(conservations, observations, etc.).

particular ecosystem, social movements across the country, and
human impacts on wildfires. Teachers should feel encouraged
to use Geospatial Inquiry in a variety of disciplines within a va-
riety of concepts. For other examples of using geospatial data
within Geospatial Inquiry, please see National Geographic (2019)
and ESRI (2019a). And, for those in the Midwestern, Southern,
and Eastern regions, we recommend World Precipitation Change
2050 Scenario 8.5. In addition, while we chose to use ArcGIS
Online from ESRI as the geospatial technology tool, there are
other GIS resources available for this activity you may want to
explore. Some resources that may be of use include:

® wwuw.geotechcenter.org/curriculum-resources.html!

o hitps://guides.libraries.psu.edulc.php?g=6085306p=4222986
® hitps:/istorymap.knightlab.com/

o hitps://myworldgis.org/

® hitps:/lopensource.com/alternatives/arcgis

® https://mapstory.orglhttps:/lwww.edutopia.org/blog/students-

map-real-world-issues-free-geospatial-tools-suzie-boss

Adapting the unit to accommodate students with visual im-
pairments or learning disabilities will require additional fore-

thought. ESRI recommends using screen readers and a key-
board to navigate on-screen elements for the visually impaired;
for further information please refer to ESRI (2019b). For stu-
dents with learning disabilities, we recommend reading Casey
(2016) and note the author’s take on personalized learning and
the challenges and practices that come with technology and stu-
dents’ learning. M
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Connecting to the Next Generation Science Standards ess ead states 2013)

HS-ESS2 Earth's Systems
HS-ESS3 Earth and Human Activity

[ NN

e The chart below makes one set of connections between the instruction outlined in this article and the NGSS. Other valid connections are ﬁ&-‘%
likely; however, space restrictions prevent us from listing all possibilities. g

* The materials, lessons, and activities outlined in the article are just one step toward reaching the performance expectations listed below. s >

HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other

Earth systems.

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.

HS-ESS3-5. Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate of
global or regional climate change and associated future impacts to Earth’s systems.

DIMENSIONS CLASSROOM CONNECTIONS

Analyzing and Interpreting Data

Analyze data using tools, technologies, and/or models (e.g.,
computational, mathematical) in order to make valid and reliable scientific
claims or determine an optimal design solution.

Analyze data using computational models in order to make valid and
reliable scientific claims.
Constructing Explanations and Designing Solutions

Design or refine a solution to a complex real-world problem, based on
scientific knowledge, students-generated sources of evidence, prioritized
criteria, and tradeoff considerations.

Students examine relevant data sets to look for patterns and
relationships in data.

Students use an online simulation to model energy flow into
and out of the atmosphere.

Students explain the effects of increasing CO, concentration
and propose solutions to help mitigate climate change.

ESS2.A: Earth Materials and Systems

Earth's systems, being dynamic and interacting, cause feedback effects
that can increase or decrease the original changes.

ESS2.D: Weather and Climate

The foundation for Earth’s global climate systems is the electromagnetic
radiation from the sun, as well as its reflection, absorption, storage, and

redistribution among the atmosphere, ocean, and land systems, and this
energy’s re-radiation into space.

ESS3.C: Human Impacts on Earth Systems

Scientists and engineers can make major contributions by developing
technologies that produce less pollution and waste that preclude
ecosystem degradation.

Student groups discuss and analyze the Keeling Curve and its
relationship to climate change.

Students complete a research paper and presentation about
the effects of industrialization in developing areas on global
climate.

Stability and Change
Feedback (negative or positive) can stabilize or destabilize a system.

Students participate in a Model United Nations-type forum
debating the causes and effects of climate change, and
recommend personal, local, and international solutions.

R 7
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