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Socio-Environmental Science Investigations (SESI)

Inquiry-based investigations

Map-based mobile data collection

Analysis with Web-based mapping software
Pedagogical frameworks of place-based education and
socio-scientific investigations

Local issues

e Field work in the local setting



Our Project

First ITEST project: Socio-Environmental Science
Investigations (SESI)...

e One university (Lehigh) working with one
local high school

e Integrating geospatial tools into science &
social studies classes

e Intended outcomes:
o  Teacher knowledge, integration of geospatial
tools into curriculum-aligned instruction
o  Student use of geospatial tools —
m Interest/engagementin
STEM-related college and career
paths
m  Advances in spatial thinking
m  Preparation for geospatial workforce

Since then: Funded for SESI-ExpAND

e Three universities...
e ..working across four states...

e ..with six high schools...
o  Traditional
o Magnet
o  Alternative
e ..and a wide range of content areas
Biology
Environmental & Earth Science
Social Studies
STEM
Computer Science

o O O O O O O

(etc.)



Example: Urban Heat

Islands

A map of heat exposure and most heat
vulnerable census blocks in Philadelphia

TEMPERATURE DIFFERENCE FROM AVERAGE

HOTTER THAN AVERAGE BLOCKS

+1.3°F
AVERAGE TEMPERATURE BLOCKS

1A°F
COOLER THAN AVERAGE BLOCKS
14.8°F

*Darkest red
areas are
both hottest
and have the
most heat
vulnerable
residents

SOURCE: David Hondula, Arizona State University, 2013-2015



1. Start with a driving question...

How do surface properties affect heat?

(Note: Lots of thermodynamics lurk within this simple
question...)



2. Collect data on school property

Equipment used:

- iPad w/ GPS chip (no
phone plan needed),
[can also use a cell
phone]

- Esri Collector app
(freely available)

- IR thermometer
(~$12/each)

i

Step 2: Start making observations in your area

Your job is to gather data on different surface types within a few blocks of the school and observe the
temperature differences of these surfaces. Always stay with your partner when you are outside the
school.

a.

b.

Where to go:

Go to your assigned area.

What to do:

Start making temperature
observations with the Collector

app.

You will make observations for all
the different ground surfaces.
Make at least 10 observations in
your class period.

To enter a new observation,
select the plus sign on the
upper right of the screen (red
arrow).

You can add other observations
by selecting the Notes menu and
typing your observation. You can
also add photos by selecting the
camera icon at the top of the
screen.

Once you have completed all the
data fields, select Submit.

|

. Temperature Observation: grass
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3. Examine data,
look for
patterns
3. Visual
inspection

Temperature Observation: grass

Surface Type grass
Surface Shade no shade
Surface Condition dry

Surface Temperature 34.30
Degree C

Weather Condition

Air Temperature
Degree C

Notes A bunch of leaf
litter

created_user 115231_B21
created_date April 11, 2017

last_edited_user 115231_B21

Zoom to Get Directions




3. Examine
data, look
for patterns
b. Structured
analysis

Note: The students
we work with

need plenty of
scaffolding

Urban Heat Island Investigation: Student Guide

b. What surface gave your group the lowest temperature reading?

4. How did temperatures of the same surface vary between shaded areas and unshaded areas? (Hint: look at
Surface Shade column in the table)

5. Select two observations for each type of unshaded surface from your group. Average these temperatures.
Rank the averaged surface in order from hottest to coldest. 1 = the hottest, 6 = the coldest

Unshaded Surface Observation 1 Observation 2 Average Rank
Temperature Temperature temperature

Grass

Dark Asphalt
Light Asphalt
Concrete
Dirt

Other

6. What is the temperature difference between the hottest and coldest surfaces?

7. What was the average air temperature during data collection? How does the air temperature compare to
your hottest and coldest surface?

4




Various Urban Environment Albedos gwn TV
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5. Integrate additional data layers for

anaIyS|s (Iand cover/surface types)




Let’'s review the steps as we come to
the most impactful one...

Start with a driving question

Collect data

Examine data, look for patterns

Unpack necessary background information (thermodynamics)
Integrate additional data layers

Propose changes to the community

ook WN R



6. Propose changes to the community

Student Questions

1. What changes would you make within your selected area to reduce
the urban heat island effect without altering land use?

2. If you were allowed to alter land use, what changes would you make
within your selected area to reduce the urban heat island effect?

3. How would you change the school’s property to reduce its urban heat
island effect?



Student response

Draw polygons to
show areas you
would change...




Overlay on a
satellite
image




Changing assumptions conditions

SESI instruction as conceived during precursor grant

Start with a driving question

Collect [local] data [using school-supplied devices]
Examine data, look for patterns

Unpack necessary background information
(thermodynamics)

Integrate additional data layers

Propose changes to the community

B~ wnN =

® o



Changing assumptions for pandemic

learning
SESI instruction as conceived during precursor ...re-built for pandemic conditions
1. Startwith a driving question 1. Start with a driving question
2. Collect [local] data [using school-supplied 2. Collect [at home] data [using
devices]

ersonal device
3. Examine data, look for patterns P ]

: : 3. Examine data, look for patterns
4. Unpack necessary background information
(thermodynamics) 4. Unpack necessary background

5. Integrate additional data layers information (thermodynamics)
6. Propose changes to the community 5. Integrate additional data layers
6. Propose changes to the community



Changing assumptions for pandemic

learning

SESI instruction as conceived during
precursor

1. Start with a driving question
2. Collect [local] data [using
school-supplied devices]

w

Examine data, look for patterns

4. Unpack necessary background
information (thermodynamics)

5. Integrate additional data layers

6. Propose changes to the community

Modified for pandemic conditions

Start with a driving question
Collect [at home] data [using
personal device]

Examine data, look for patterns

Start slow!

Scaffold

Unpack necessary background student (and
information (thermodynamics) teac:er!)h
. work wit
Integrate additional data layers GIS, data
Propose changes to the collection,

community analysis, etc.



Sample of our current work:
Trees & carbon

e Driving question: About how much
carbon is stored in a tree?

e Data collection: Use Survey123 plug-in
for ArcGIS & personal device to measure
and photograph a tree

e Examine data...no pattern-seeking. This is
an introductory activity and not a full
inquiry

o [llustrates curricular concept (trees &
other plants are one of three major
carbon sinks)

o Allows for practice of process skills (data
collection, measurement)

o Introduces ArcGIS toolset (data collector,
GIS, Story Maps)




Sample of our current work:

Trees & carbon

Driving question: About how much
carbon is stored in a tree?

Data collection: Use Survey123 plug-in
for ArcGIS & personal device to
measure and photograph a tree
Examine data...no pattern-seeking. This is
an introductory activity and not a full
inquiry

o

[llustrates curricular concept (trees &
other plants are one of three major
carbon sinks)

Allows for practice of process skills (data
collection, measurement)

Introduces ArcGIS toolset (data collector,
GIS, Story Maps)

X
@ Conte x | @ Goo X @ Teec x @ Tress X | + H

C & surveyl23arcgiscom/share/38c1068531b84.. Q * M @

e~ |

Tree location

Tree height in meters
Tree circumference in centimeters

Add any comments you have about the tree

Add a photo of your tree

Powered by ArcGIS Survey123




o X

@ Conte X | @ Goot X @ Treec X @ Trees X | +
C & surveyl23arcgiscom/share/38c10685310b84.. Q * # @ :

Tree location

Sample of our current work:
Trees & carbon

Driving question: About how much
carbon is stored in a tree?
Data collection: Use Survey123 plug-in
for ArcGIS & personal device to measure
and photograph a tree
e Examine data...no pattern-seeking. This
is an introductory activity and not a full
inquiry
o Illustrates curricular concept (trees &
other plants are one of three major
carbon sinks)
o Allows for practice of process skills (data
collection, measurement)

o Introduces ArcGIS toolset (data collector,
GIS, Story Maps)




Sample of our current work:
Trees & carbon

e Driving question: About how much —

@ Content X | @ Gooutside! Abouthow X | @ Tree data collector X @ Trees&cabondisplayr X 4+

carbon is stored in a tree? € 5> C @ sinstigersmapsarcgiscom/t y p=bd4263980677459daddcSbAbOT3d1d6 Qax »@ :

. . Home v Trees & carbon display map of collected data # NewMap ¥ Create Presentation ~ Tom ¥
e Data collection: Use Survey123 plug-in e ’ -
[ Deteils  #Add v | # Edit BBBesemep | [ Analysis B~ ® Share & « | ® Directions @ 1 |Find address or plac Q
for ArcGIS & personal device to measure ol [ ¥ ) ?
and photograph a tree : e

e Examine data...no pattern-seeking. This .
is an introductory activity and not a full 04 W

inquiry Y VALVl s
o Illustrates curricular concept (trees & g e z ‘
other plants are one of three major i, g /3

carbon sinks) @
o  Allows for practice of process skills (data -
collection, measurement) | »

Tree data collector (Features: 31, Selected: 0)

o Introduces ArcGIS toolset (data collector, e e T o e e T

Ac)
S|

centimeters
G IS Sto r M a s) Tom Hammond 15.00 310.00 (0) Add
’ y p Test student 4 12.00 80.00 (1) Show

SmComar | Comafwi  fesomdbme | TeSt Student 3 12.00 125.00 (1) Show




Sample of our current work:

Trees & carbon

Driving question: About how much
carbon is stored in a tree?

Data collection: Use Survey123 plug-in
for ArcGIS & personal device to measure
and photograph a tree

Examine data...no pattern-seeking. This is
an introductory activity and not a full
inquiry

o

[llustrates curricular concept (trees &
other plants are one of three major
carbon sinks)

Allows for practice of process skills (data
collection, measurement)

Introduces ArcGIS toolset (data collector,
GIS, Story Maps)

@ Content

< C @ aihstigers.maps.arcgis.col

X | @ Gooutsid

Home~ Trees & carbon display mal

@ Tr

A ®H

® Survey Point

[ElDetsils #Add ~ | # Edit Eﬁassewﬁ
o
&
oo =
Contents

To measure the tree's circumference: At your shoulder height, wrap a piece of string

around the trunk. (If you are measuring a conifer, this may be a sticky process! In general,
it will be easier to measure a deciduous tree's trunk than a conifer.) Mark the amount of
string needed to go all the way around the trunk. Unwrap the string and then use a ruler
or measuring tape to measure the marked length of string.

Tused a Sharpie to mark how much string I needed to wrap around this tree. When I went inside, I
unraveled the string and used a ruler to measure how far apart the marks were. That measurement is the
tree's circumference.

(Another technique you can use is to measure your ‘wingspan' - the distance between

P iIopocisphic your arms when spread out. If you know your wingspan, you can approximate the
North Star z Sl s
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Tree data collector (Features: 31, Selected: 0) =
Name (first and last) Tree height in meters Tree circumference in Photos and Files ©
centimeters
Tom Hammond 15.00 310.00 (0) Add
Test student 4 12.00 80.00 (1) Show
CoeniEs  fasenibwe  |Test Student 3 12.00 125.00 (1) Show




Sample of our current work:

Trees & carbon

Driving question: About how much
carbon is stored in a tree?

Data collection: Use Survey123 plug-in
for ArcGIS & personal device to measure
and photograph a tree

Examine data...no pattern-seeking. This is
an introductory activity and not a full
inquiry

o

[llustrates curricular concept (trees &
other plants are one of three major
carbon sinks)

Allows for practice of process skills (data
collection, measurement)

Introduces ArcGIS toolset (data collector,
GIS, Story Maps)

To measure the tree’s circ
around the trunk. (If you af
it will be easier to measur
string needed to go all the
or measuring tape to meas|

Tree data collection

What is your name?

Your answer

How tallis the tree (in meters)?

Your answer

What is the tree's circumference at chest height (in centimeters)?

Your answer

GoogleForms

Tree collection data (Responses) : Tree Data

. Above o
o ground Total weight of  Dry Weight of
What is your e T weightof  tree.including weightof carbon
name? o tree roots i stored in tree
Test Student 15 210 235254 282205 204671 1023.36
15 310 512651 515131 4480.06 222003
Lo - e inas aans 200
P -
F
s
| @
Tused a Sharpie to mark how much string I needed to wrap around this tree. When I went inside, I E°
unraveled the string and used a ruler to measure how far apart the marks were. That measurement is the 2
tree’s circumference 108
Alest
(Another technique you can use is to measure your 'wingspan’ -- the distance between 13 =
" °

your arms when spread out. If you know your wingspan, you can approximate the

Tom Hammond 15.00

Test student 4 12,00

e |Test Student 3 12.00

centimeters
310.00
80.00
125.00

Photos and Files

(0) Add
(1) Show

(1) Show




Technology used: Suite of tools built
around ArcGIS Online

ArcGIS . Data

Collector app ArcGlS Online dashboards

Survey123 W Story maps
Data collectors Maps, data, Instructional

analysis tools scaffolds




Sample #2: Macromolecules

Large molecules, necessary for life, built from smaller organic molecules
Four classes:

o  Carbohydrates
o Proteins

o Lipids

(@]

Nucleic acids (RNA, DNA)

Take in through food, and burn off with exercise

Nucleic Acids Proteins Polysaccharides
Base
X o = o R 0 R Ha HO
OoQ X (o} }JL H H H H. . o, o)
i ¢ N/jr N/wr = \‘ 0 5
e0 : % Base H H HO oH__ HO o ~’/~
LN \)oj 0 R o
~
30’ & 4
L “ ¢
HO_ L0

(o] HO
Base HoN
N (o] \HLOH
P . HO,
e0 OH

%
HO

HO OH
OH

OH



Macromolecules as a socio-environmental
topic for Biology




Student data collection: Where in my
community are macromolecules consumed?
Where are they used up?
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Student Data:high school gym...a place
for exercise
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Learning more...
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Contextualizing Data

Macromolecules as a
socio-environmental issue for Biology
Student data collection: Where in my
community are macromolecules
consumed? Where are they used up?
Putting this data in context:
Student-collected data + external
data layers to further explore
variables & interactions

Home v Macromolecules analysis map -all layers 7 New Map ¥  Create Presentation
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() Median
household income
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Spatial analysis and scaffolding
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Where are grocery stores?
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Where to work off calories
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Spatial thinking constructs...

1.

Macromolecules as a

socio-environmental issue for

Biology

Student data collection: Where in

my community are

macromolecules consumed?

Where are they used up?

Putting this data in context:
Student-collected data + external
data layers to further explore

variables & interactions

a. Spatial thinking: Points &
pathways; correlation; density
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Spatial thinking constructs...and tools

Macromolecules as a
socio-environmental issue for
Biology

Student data collection: Where in
my community are
macromolecules consumed?
Where are they used up?

Putting this data in context:
Student-collected data + external
data layers to further explore

variables & interactions
a.  Spatial thinking: Points &
pathways; correlation; density
b. Geospatial tools to support:
Basemaps, clustering
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Fast Food: Cluster tool
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Grocery Store: Cluster Tool
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Why are exercise facilities clustered differently?
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Why might patterns exist, and how can we
test that using layers?

Macromolecules as a socio-environmental
issue for Biology

Student data collection: Where in my
community are macromolecules consumed?
Where are they used up?
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Parks & trails?
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Income?
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How to use data to effect change

Macromolecules as a socio-environmental
issue for Biology

Student data collection: Where in my
community are macromolecules consumed?
Where are they used up?

. . . Home v Macromolecules analysis map -all layers 2 New Map ¥  Create Presentation
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Want to learn more about our work?

Precursor grant (including full Current grant (info on partners;

materials) will show working versions of
materials)

https://eli.lehigh.edu/sesi https://sites.google.com/lehigh.

edu/sesi-expand/welcome




Want to do this on your own?

Create a (free!) school account

@esri Products Solutions Support & Services News About

Education Overview Schools ~

Schools Mapping Software
Bundle

The ArcGIS for Schools Bundle is available at
IS NEINVRN G PASSTTSIE, school districts, and states direct from Esri. Beyond the

United States, the bundle is available to schools worldwide through Esri's network
of international distributors. Every public, private, home school, and youth-serving

club is eligible. For clubs and homeschools requesting software, see GIS Club Kit.

See if your school already has a license.

https://www.esri.com/en-us/industries/edu
cation/schools/schools-mapping-software-
bundle




Want to do this on your own?

Create a (free!) school account

Learn how to use ArcGIS! Esri Geolnquiries

Learn.ArcGIS.com

Esri K12 GIS Organization
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Comments and Questions

Thomas Hammond: tch207 @Llehigh.edu

Kate Popejoy: PopejoyPhD@gmail.com

Alec Bodzin: amb4@lehigh.edu
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