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PREFACE

n the HBO (Home Box Office) series From the Earth to the Moon, there is a dramatization

of the field geology training that was provided to the Apollo astronauts assigned to

the final three missions. Geologist Lee Silver (played by David Clennon) offered an
analogy about “context.” He said, “If you brought me a dead cat, I can tell you two things
about it: It was a cat, and it is dead. If you told me you found it in the middle of the road ...
what killed the cat? What if you found it in the kitchen of your favorite restaurant?” He
was referring to context as the difference between road kill and a meal.

And what does access to large data sets provide to students? It provides a number of
supports for learning—most importantly, context. As has been frequently cited in science
education reform documents, science learning has often been approached in a manner
that has been very broad at the expense of depth. Coverage, it seems, can be the enemy of
understanding (Gardner 1991). Context can provide the necessary depth for understanding
by making explicit the connections between the science content that we wish for students
to learn and the real world. The real world is complex and defies simple understandings—
or rather, simple understandings are inadequate for grasping the complex, multivariate
patterns that are inherent to the natural world.

This volume embraces the fact that the natural world is complex and multivariate, but
through the three-dimensional learning structure of A Framework for K12 Science Education
(Framework; NRC 2012), this complexity is not necessarily complicated. Complex systems
operate on a variety of scales and evolve over time with the amount of energy present in
the system (Fichter, Pyle, and Whitmeyer 2010). Understanding systems, a fundamental
part of the crosscutting concepts, does not mean that a deterministic outcome is avail-
able. Rather, recognizable patterns can be displayed by comparing data related to natural
Earth phenomena, whether they are the mapped distribution of earthquake epicenters or
the variations in temperature and humidity with altitude across locations. The more data
that are available, the more robust are the inferences that can be made regarding complex
relationships, and the clearer is the pattern that can emerge. By analyzing changes in the
patterns, other crosscutting concepts can be accessed, such as stability and change; cause
and effect: mechanism and explanation; and scale, proportion, and quantity.

The other critical aspect of the Framework that goes beyond the disciplinary core ideas
is the practices employed by scientists and engineers as they go about their work. This
volume is well-positioned to use the science and engineering practices to provide context
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PREFACE

Xiv

as well. As was illustrated in the now infamous “climategate” email hacking incident
(Cook 2016), the public has a different understanding of “data manipulation” than scien-
tists employ. To properly analyze and interpret data, particularly large data sets, scientists
have to organize the data in a manner that makes sense for generating and testing models,
as well as for generating arguments from these data. A connective practice is the use of
mathematical and computational thinking, which not only provides context to scientific
thinking, but also provides a platform for teachers of mathematics and science to reconcile
language and terminology differences that cause students to have endless frustration.

Context for large data sets thus is critical not only to scientific understanding, but also
to learning how to understand the natural world from a scientific standpoint. Fundamen-
tally woven in the performance expectations within the Next Generation Science Standards
(NGSS; NGSS Lead States 2013), context is the basis by which we can distinguish ourselves
from the automated devices we use to collect such data and evaluate whether or not the
data are accurate, valuable, and sufficient. I trust you will find this volume useful not just
in teaching science, but also in using science as a way to grasp the complexity of the natural
world with awe and wonder, instead of fear.

EricJ. Pyle, PhD

NSTA Division Director, Preservice Teacher Preparation

Professor, Department of Geology and Environmental Science

Coordinator, Science Teacher Preparation, College of Science and Mathematics

James Madison University
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INVESTIGATIONS USING
REAL-TIME BIOSPHERE DATA

he biosphere is the part of Earth that is composed of living organisms. This includes
humans, ducks, grass, trees, snails, algae ... well, you get it. Data on animals, insects,
and other life forms are often collected by researchers studying their behavior. Envi-
ronmental scientists study the environment and how organisms interact with it. Informa-
tion about people is often collected by governments and population researchers. Data can
be collected using digital instruments, cameras, surveys, and even simply by observation.

Human populations—a topic in every environmental science course—can be explored
in great detail at the U.S. Census Bureau website (www.census.gov/topics/population.html).
Interactive maps are one way that population trends can be explored with real-time data.
The NASA Earth Observations (NEO) website (http://neo.sci.gsfc.nasa.gov) provides real-
time data for several Earth systems. The data sets in the site’s “Life” category are graphic
models—monthly maps that provide information about net primary productivity, leaf
area, chlorophyll concentration, and several other research topics. The National Oceanic
and Atmospheric Administration (NOAA) Integrated Ocean Observing System Animal
Telemetry Network (I0OOS ATN) website (http://oceanview.pfeg.noaa.gov/ATN) allows track-
ing of marine animals. Web cameras at zoos, nature conservatories, and other locations
can provide a way for students to do population studies or watch interactions between
organisms and their ecosystems. There are osprey cams, bee cams, fall-foliage cams, and
even naked mole rat cams. These provide a rich source of data that help students to better
understand how specific species function in their environment.

One useful investigation through which to explore how life interacts with the environ-
ment would be to correlate current sea-surface temperature to past and present movement
of marine animals using the IOOS ATN website. Figure 6.1 (p. 112) contains screenshots
of site content showing the movement of a tagged salmon shark over a six-month period
in 2015. On the site, students can watch the movement of specific marine animals over a
number of days or compare the most recent location of different species. Students also can
use site information to infer the preferred conditions of different species and compare their
inferences to information learned through environmental studies research.
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CHAPTER 6

Figure 6.1. Sample of data
available on the NOAA Animal
Telemetry Network website

Source: http.//oceanview.pfeg.noaa.gov/ATN.

Land use is a topic studied in every environmental science course. The U.S. Department of
Agriculture (USDA) website (www.nrcs.usda.gov) provides data on land use and soil resources.
A possible investigation using the USDA data would be to compare and contrast land-use
trends for different states. For example, Figure 6.2 shows the latest data for land use for
Montana and New Jersey. These two states are very different in many ways, including
geography and population density. New Jersey has a population density of 1,210 people per
square mile, whereas Montana’s population density is seven people per square mile. You
could ask students to investigate how land use in these states has changed over time, and to
develop an explanation about why there are so many differences in land use in these states.
How do weather and climate affect each’s use of land? What other variables contribute to the
differences shown?

Again, the investigations that follow are only a few of the many ideas that you could
use to explore the biosphere. Use these as a starting point ... and see what new ideas you
generate with the real-time resources that are available. Tables 6.1 and 6.2 (pp. 138 and 139,
respectively), list all digital resources used in this chapter.
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INVESTIGATIONS USING REAL-TIME BIOSPHERE DATA 1

BIOSPHERE

Figure 6.2. Land-use comparison charts for Montana and New Jersey

Source: Natural Resources Conservation Service. www.nrcs.usda.gov/wps/portal/nrcs/rca/national/
technical/nra/rca/ida.

REFERENCES

Annenberg LLC. 2016. Explore. http://explore.org.

Natural Resources Conservation Service. www.nrcs.usda.gov/wps/portal/nrcs/rca/national/technical/nra/
reafida.
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CHAPTER 6

BIOSPHERE
TEACHER NOTES: WILDFIRE!
. Students will determine whether there is a correlation between drought
Learning Goal e .
and wildfires using data from two states.
Disciplinary * The roles of water in Earth’s surface processes
Core ldeas * Natural hazards
Science and * Analyzing and interpreting data
Engineering « Constructing explanations and designing solutions
Practices
Crosscutting » Cause and effect: Mechanism and explanation
Concepts + Stability and change
Usually about 100,000 wildfires are reported each year in the United
States. Although drought and wildfires are separate hazards, they are
Background related. Weather conditions such as drought can contribute to wildfires,
Information which can begin in dry, hot conditions. As climates change, areas that
become hotter can have increased rates of evaporation, leading to drier
conditions.
DATA AND TECHNOLOGY

» National Drought Monitor, National Drought Monitor website
National Drought Mitigation screenshot
Center website: http.//
droughtmonitor.unl.edu/

Online Sources MapsAndData/DataTables.aspx

* National Interagency Fire Center
website: www.nifc.gov/firelnfo/
firelnfo_statistics.htm/

* QR Codes: See Table 6.1 (p. 138).

App and No appropriate apps were located
Device for this activity for either data set. Source: http.//droughtmonitor.unl.edu.
Sources

* Students must access the data using the websites. Neither website
has a responsive design; however, on both websites, the data are
easily accessed and can be gathered using personal devices.

* National Drought Monitor, National Drought Mitigation Center

Technology website: The link provided opens the site’s Tabular Data Archive. From
Notes the left-side drop down menu, select “State” (defaults to “National”).
The data are sortable by drought severity.

* National Interagency Fire Center website: In the “Statistics” column,
under “Historical year-end fire statistics by state,” select the data year
by year.
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INVESTIGATIONS USING REAL-TIME BIOSPHERE DATA i

BIOSPHERE

Data Sampling: This activity requires students to sample drought data
from a complex data set. The highest percentage of area experiencing
extreme drought is to be considered the sample data point for each year.
Instead of selecting the acreage of wildfires, students could instead work
with the number of wildfires.

Data Type: The drought and wildfire data both are interval-ratio

About the (measured) types of data.

Data Data Issues: The National Interagency Fire Center website data are
annual, whereas the National Drought Monitor data are weekly, creating a
mismatch between values. Calculating mean (average) and median values
for each year would require an extra step but using those values might be
more appropriate, because drought conditions vary across months within
the same year. Note that the x-y graph will have two states on it, and a
line of best fit will be required for each state, so students should use a
different symbol (for example, * and +) for each data set.

Students should have a basic understanding of drought conditions and
understand the difference between a prescribed burn and a wildfire. The
drought data will be more difficult for students to work with because
they are broken down by week, whereas the wildfire data are supplied by
state. Students will make generalizations from drought data by sorting
through the weekly data to find the highest percentage of extreme
drought severity for each year.

About the
Activity

To simplify this activity, reduce the amount of data collected by having
students work only with data from the single highest and lowest drought
years, rather than across the entire data span and data compared using
Scaling Down simpler graphs, such as a bar graphs. Model the activity by collecting the
data from your home state as a class, and then have students research
additional states in teams, with one student collecting the wildfire data
and the other drought data.

For added complexity, students can collect drought data by category
(abnormally dry, moderate drought, severe drought, extreme drought,
Scaling Up exceptional drought) and can compare different types of statistics, such
as population affected rather than area in drought. In addition, data can
be presented annually as a double line graph of data over time.
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BIOSPHERE

Extending

In general, expect to see a positive correlation between drought and wildfires; however, this
might not always be the case because often other factors are involved as well.

Does El Nifio Play a Part?: Have students research to see whether El Nifio
Southern Oscillation patterns (El Nifio, La Nifia) affect drought conditions
in their area.

Climate Connections: Students can research annual temperature and
precipitation data in their states to determine the relationship between
weather and wildfires.

Wildfire Safety: Have students download the American Red Cross
Wildfire app, research current wildfires, and then create a wildfire safety
brochure.

Enrichment Using Data: To classify the drought before comparing it to
wildfire data, students can develop a drought-severity index for each year
that takes into account the number of weeks of drought, the severity of
the drought, and the highest level reached over the course of the year.
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INVESTIGATIONS USING REAL-TIME BIOSPHERE DATA

Name:

STUDENT HANDOUT: WILDFIRE!

BIOSPHERE

Activity Goal

In this activity, you will explore the relationship between drought and

wildfires.

Technology
Notes

You will access data from two websites:

1.

National Drought Monitor, National Drought Mitigation Center:
http./droughtmonitor.unl.edu/MapsAndData/DataTables.aspx

. National Interagency Fire Center: www.nifc.gov/firelnfo/fireinfo_

statistics.html/

Orientation
Questions

How do droughts affect ecosystems?
What conditions lead to an increase in the number of wildfires?

Directions

1.

For this activity you will be research information from two states, as
assigned by your teacher. One state may be your own. You will collect
data for the most recent 12 years or for another range defined by
your teacher.

. National Drought Monitor website: Find the percent area in the

“extreme drought” category for your state(s). From the left-side
drop-down menu, select “State” (rather than “National”) and

then, from the middle drop-down menu, choose the state you are
researching. Because the data are shown by week, you will search by
year and then sort on the “Extreme Drought” column (red) to find the
maximum percent area of extreme drought for that year. Enter those
data into the data table.

. National Interagency Fire Center website: In the “Statistics” column,

under “Historical year-end fire statistics by state,” find the data for
the number of acres of wildland fires for your state for each year.
Enter the data in the data table.

. Complete the Data Analysis, Analysis Questions, Conclusions, and

Reflection Question sections.

BIG DATA, SMALL DEVICES
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CHAPTER 6

BIOSPHERE
DAta TaBLE
State: State:
Maximum Area of Wildland Maximum Area of Wildland
Extreme Drought Fire Area Extreme Drought Fire Area
Year (%) (Acre) Year (%) (Acre)

DATA ANALYSIS

Construct a scatter plot to determine whether there is a correlation between drought conditions
and the number of wildland fires for your two states. Use a different symbol for each state’s data.
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INVESTIGATIONS USING REAL-TIME BIOSPHERE DATA

BIOSPHERE

ANALYSIS QUESTIONS
1. In what year was the drought the greatest in each state? How many acres were lost to

wildfires in each of those years?

2. In what year was the drought the least in each state? How many acres were lost to wildfires
in each of those years?

3. Why was drought used as an indicator of climate conditions in this activity?

4. Besides drought, what other variables could affect the number of wildfires?

5. Would you expect the impact of drought to be the same for different biomes (for example,
desert, woodland)? Why or why not?

CONCLUSIONS

Construct an explanation that describes why wildfires might be more likely to occur during or
after drought years. Use evidence you collected, if applicable, to support your conclusion.

REeFLECTION QUESTION

With climates changing, some places are becoming hotter and drier. How might state officials
change their preparedness for wildfires for states that are experiencing more droughts?
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BIOSPHERE

Table 6.1. Data sources for real-time biosphere investigations

Activity Website URL QR Code
Behavior '
Ethograms Explore http.//explore.org

Emerging or CIA World https.//cia.gov/library/poublications/resources/
Developed? Factbook the-world-factbook

2007 USDA
Major Land
Uses Report

www.ers.usda.gov/data-products/major-land-
uses

U.S. Census
Bureau

This Land Is | Historical Data
Our Land

www.census.gov/popest/data/historical/index.
htm/

USDA
Resources Soil
and Water
Conservation
Act (RCA)
Interactive
Viewer

www.nrcs.usda.gov/wps/portal/nrcs/rca/
national/technical/nra/rca/ida

National
Drought
Monitor,

National
Drought
Wwildfire! Mitigation
Center

http.//droughtmonitor.unl.edu/MapsAndData/
DataTables.aspx

National

Interagency www.nifc.gov/fireinfo/firelnfo_statistics.htm/
Fire Center
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INVESTIGATIONS USING REAL-TIME BIOSPHERE DATA i

BIOSPHERE
Table 6.2. Additional biosphere-related data sources
Website Address QR Code
USDA National
Agriculture Statistics www.nass.usda.gov/Charts_and_Maps/Crops__
; County
Service
NOAA /Integrated
Ocean Observing ) .
System Animal http.//oceanview.pfeg.noaa.gov/ATN
Telemetry Network
Vegetation Condition )
Explorer https.//nassgeodata.gmu.edu/VegScape
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A Apple operating system (iOS), 19, 20, 21
AAVSO (American Association of Variable Star Apps. See also specific apps

Observers), 239-240, 241
Acceptable Use Policies (AUPs), 17, 18
Aecern projects, 244
AIRNow (app/website), 73, 75, 75-76, 78
Airplane take-off and landing patterns, effect of
wind on, 102-107
Air pressure, 10, 10-11
Air Quality investigation, 75-80
alignment of teaching standards with, 75
apps and device platforms, 75-76
student handout, 78-79
teacher notes, 75-77
technology and data sources for, 33, 33, 73,
75-76,108

American Association of Variable Star Observers

(AAVSO), 239-240, 241
American Meteorological Society (AMS), 71, 72
American Red Cross, 21, 134
American Red Cross Earthquake (app), 234
American Red Cross Hurricane (app), 235
Android operating system, 19, 20, 21
Animal Behavior Ethograms investigation,
114-119
alignment of teaching standards with, 114
apps and device platforms, 114
student handout, 117-118
teacher notes, 114-116
technology and data sources for, 111, 112,
114-115, 138
Animal Telemetry Network (ATN), 111, 112
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for atmosphere investigations, 73, 75, 81, 85,
90, 96, 102

for biosphere investigations, 114, 120

for celestial sphere investigations, 203204,
209, 222

for geosphere investigations, 144, 156

for graphing data, 25, 26

for hydrosphere investigations, 174, 180, 186,
192

native, 19, 20

operating systems for, 19, 21

for real-time data access, 21, 21-22

strategies for selection of, 21

Arithmetic mean

exceptions to rule for calculating, 44, 60-61
of interval-ratio data, 53-55, 54, 57

of nominal data, 46-47, 46-48

of ordinal data, 49, 50-51, 50-52

Asthma, 75
Atmosphere investigations, 71-110. See also specific

investigations
Air Quality, 75-80
Challenging the Skeptics, 233
Climate from Pole to Pole, 81-84
Extreme Weather, 85-89
nontraditional writing activities in, 237
overview, 8
real-time data for, 71-74, 72-73, 108-109
Stratospheric Ozone, 237
Weather Mapper, 90-95
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Weather Stories, 96-101

Wind Beneath Our Wings, 102-107
ATN (Animal Telemetry Network), 111, 112
AUPs (Acceptable Use Policies), 17, 18

B

Ballard, R., 242

Bar graphs
human population data, 124
land-use data, 130
nominal-level data, 47, 47, 63
ordinal-level data, 51, 52, 52-53
radon risk, 154
rules for using, 34, 45
technology for creating, 25, 25

Bartley, A., 63

Beaufort scale, 60, 63

Behavior-sequence charts, 118
Biosphere investigations, 111-139. See also specific
investigations
Animal Behavior Ethograms, 114-119
Emerging or Developed?, 120-125
nontraditional writing activities in, 236
overview, 8, 111
real-time data for, 111-112, 112-113, 138-139
This Land is Our Land, 126-131
We Are the World, 238
Wildfire!, 132-137
Bowen, G. M., ix, 56, 62, 63
Bring-your-own-technology (BYOT) policies, 1,
18, 26, 239
Budburst project, 242
Buoy data. See also National Data Buoy Center
(NDBC)
levels of inquiry for, 28
on ocean conditions, 29, 29, 37, 38
on wave height, 49-52, 49-52, 54-55, 54-56
BYOT (bring-your-own-technology) policies, 1,
18, 26, 239
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C
Cancer, 150
Carbon dioxide, relationship with ocean
acidification, 37, 38
Carbon monoxide, 75
Catch the Wave! investigation, 174-179
alignment of teaching standards with, 174
apps and device platforms, 174
student handout, 177-178
teacher notes, 174-176
technology and data sources for, 174-175,
199
Category variables. See Nominal variables
CDC (Centers for Disease Control and
Prevention), 143
Celestial sphere investigations, 201-227. See also
specific investigations
Hiding Out, 221-223
overview, 8, 201
Photoperiods, 203-208
real-time data for, 201-202, 202, 224-227
Solar Terminator, 209-214
Tonight’s Sky, 215-220
Centers for Disease Control and Prevention
(CDCQ), 143
Central Intelligence Agency (CIA) World Factbook
(website), 120, 120, 121, 123
Central tendency, 60
Challenging the Skeptics investigation, 233
Children’s Internet Protection Act of 2000 (CIPA),
17,18
Christmas Bird Count project, 239
Citizen science projects, 239-246
building, 244-245, 245
characteristics of, 240-241
collections of, 242-243, 243
defined, 239
established projects, 241-242, 242
participation opportunities, 2, 239-240
websites for, 241, 246
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CitSci projects, 244, 246
Climate. See Weather and climate investigations
Climate from Pole to Pole investigation, 81-84
alignment of teaching standards with, 81
apps and device platforms, 81
student handout, 83
teacher notes, 81-82
technology and data sources for, 81-82, 108
Colorado State University, 244
Communication strategies, 44, 58-60, 63, 231-232
Convergent or Divergent? investigation, 144-149
alignment of teaching standards with, 144
apps and device platforms, 144-145
student handout, 147-148
teacher notes, 144-146
technology and data sources for, 144-145,
169
Coordinated Universal Time (UTC), 23, 23-24
Coordinates (app), 156, 186
Copyrighted materials, 69
Cornell University, 69
Crosscutting concepts, 8-15
atmosphere investigations alignment with,
75, 81, 85, 90, 96, 102
biosphere investigations alignment with, 114,
120, 126, 132
Cause and effect, 10, 11, 81, 85, 90, 102, 132,
174,192, 235
celestial sphere investigations alignment
with, 203, 209, 215, 221
data analysis questions based on, 9, 9
Energy and matter, 75, 114, 150, 163, 180, 186,
203, 209, 221, 233-236, 238
geosphere investigations alignment with,
144, 150, 156, 163
hydrosphere investigations alignment with,
174,180, 186, 192
overview, 2, 8-9
Patterns, 10, 10-11, 85, 102, 163, 174, 192, 209,
237
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real-time data and, 2, 8-15, 9-11, 13-15
Scale, proportion, and quantity, 126, 150
Stability and change, 12, 14-15, 14-15, 75, 96,
120, 126, 132, 156, 180, 203, 215, 221,
233-234
Structure and function, 144
Systems and system models, 12, 13, 81, 90,
96, 114, 120, 144, 156, 186, 215, 236-238
Cryosphere, 8, 171, 173. See also Hydrosphere
investigations
Curved relationships, 57, 57
Cycling relationships, 57, 57

D
Data. See Real-time data
DataStreme (website), 72
Day & Night Map (app), 209, 210
DCIs. See Disciplinary core ideas
Decibel scale, 60, 61
Declination, 215
Demographic transition models, 120
Dependent variables, 46, 53
Deterministic language, 58, 59
Digital natives, 7-8, 22
Disciplinary core ideas (DCls)
atmosphere investigations alignment with,
75, 81, 85,90, 96, 102
Biogeology, 114, 150, 236, 238
biosphere investigations alignment with, 114,
120, 126, 132
celestial sphere investigations alignment
with, 203, 209, 215, 221
Earth and human activity, 120
Earth and the solar system, 203, 209
Earth materials and systems, 90, 96, 102, 144,
156, 163, 174, 192, 236-237
Earth’s place in the universe, 215
Earth’s systems, 81, 85, 180, 203, 209
geosphere investigations alignment with,
144,150, 156, 163
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Global climate change, 233
Human impacts on Earth systems, 75, 126,
233, 237
hydrosphere investigations alignment with,
174,180, 186, 192
Natural hazards, 132, 150, 234, 235
Natural resources, 114, 120, 126, 180, 221, 238
Plate tectonics and large-scale system
interactions, 144, 156, 163, 234
The roles of water in Earth’s surface
processes, 132, 174, 186, 192
state standards and, 67
Weather and climate, 75, 81, 85, 90, 96, 102,
186, 221, 235
Discover Magazine, 243
Dissolved Oxygen and Water Quality
investigation, 180-185
alignment of teaching standards with, 180
apps and device platforms, 180-181
student handout, 183-184
teacher notes, 180-182
technology and data sources for, 180-181,
199
Distance, ordinal categories of, 48, 49-50, 50-51
Diurnal tide pattern, 193
Drought, correlation with wildfires, 132-137

E
Earthquake! investigation, 234
Earthquake investigations. See also Plate tectonics
apps for, 22
earthquake depth and plate boundaries,
144-149
epicenter, 6-7, 144
nontraditional writing activities in, 234
Pacific Ring of Fire, 10, 11
real-time data for, 5, 141, 142
U. S. Geological Survey website for, 19, 20,
39, 39, 141, 142, 144145, 145, 147
Emerging or Developed? investigation, 120-125

254

alignment of teaching standards with, 120
apps and device platforms, 120-121
student handout, 123-124
teacher notes, 120-122
technology and data sources for, 120-121,
138
Engineering practices. See Science and
engineering practices
Environmental Protection Agency (EPA)
air-quality data from, 33, 33, 73
atmospheric data from, 71
on radon levels, 150, 150, 151, 153
real-time data from, 1, 8
Environmental Visualization Laboratory, 73
EPA. See Environmental Protection Agency
EQInfo Global Earthquakes (app), 144
Equinoxes, 209, 213
Ethograms, 114-119
Experiments vs. investigations, 29-30
Explore (website), 114, 114, 117
Extreme Weather investigation, 85-89
alignment of teaching standards with, 85
apps and device platforms, 85
student handout, 88
teacher notes, 85-87
technology and data sources for, 85-86, 108

F

Fair-use analysis in copyright, 69

FAO NOW (app), 238

Federal Emergency Management Agency
(FEMA), 234

Fetch (wind distance), 12, 174-176

Flight Aware (website/app), 102, 102-103, 105, 202,
221,222

A Framework for K=12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas
(National Research Council), 30, 35-36, 40, 67
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G
Galaxy Zoo project, 242
Geosphere investigations, 141-170. See also specific
investigations
Convergent or Divergent?, 144-149
Earthquake!, 234
overview, 8, 141
Radon Mapper, 150-155
real-time data for, 141-143, 142, 169-170
Tectonic Plate Shuffle, 156-162
Volcano Risk, 163-168
GISTEMP (Goddard Institute for Space Science
Surface Temperature Analysis project), 81,
81, 83
Global Climate Dashboard, 72-73, 73
Global Sulfur Dioxide Monitoring (website), 142
Global Volcanism Program, 142
GLOBE project, 241, 246
Goddard Institute for Space Science Surface
Temperature Analysis project (GISTEMP),
81, 81,83
Graphs and graphing. See also Bar graphs; Line
graphs; Scatter plots
apps for, 25, 26
histograms, 47
human population data, 124
interval-ratio data, 55-57, 55-57, 63
land-use data, 130
as models, 32
nominal-level data, 47, 47, 63
ordinal-level data, 51-52, 51-53, 63
pie charts, 47, 130
radon risk, 154
Stiive diagrams, 34, 36, 72
tables displayed alongside, 25
technology for, 25, 25-26, 45
usefulness of, 44-45
volcano risk, 167
Groundwater, 150, 172, 172
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H
Hedging language, 44, 58-59, 63
Hiding Out investigation, 221-223
alignment of teaching standards with, 221
apps and device platforms, 221-222
teacher notes, 221-223
technology and data sources for, 221-222,
224-225
Hierarchy of needs (Maslow), 221
Histograms, 47
Human populations
in emerging vs. developed nations, 120-125
graphing data on, 124
ozone levels affected by, 75
real-time data sources on, 111
Hunger awareness program, 238
Hurricane “Me” in the News investigation, 235
Hydrosphere investigations, 171-200. See also
specific investigations
Catch the Wave!, 174-179
Dissolved Oxygen and Water Quality,
180-185
Hurricane “Me” In the News, 235
National Park Travel Guides, 236
Oceans and Climate, 186-191
overview, 8, 171
real-time data for, 171-173, 172-173, 199-200
Tides of Change, 192-198

I

Independent variables, 46, 49, 53

Integrated Ocean Observing System (IOOS), 111

Internet-based curriculum, 6-7

Interval-ratio (measured) variables, 53-57, 54-57,
62, 63

Investigations. See Real-time investigations

I00S (Integrated Ocean Observing System), 111

iOS (Apple operating system), 19, 20, 21
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J
JASON Project, 242, 246

Journey North project, 241-242, 242, 246

K
Kaput Center (University of Massachusetts), 244

L
Land-use trends, 112, 113, 126-131
Language for communicating results, 44, 58-59,
63
LatLong (website), 186, 189
Levels of inquiry framework, 27-29, 28-29, 30, 67
Line graphs
ordinal-level data, 51, 51-52, 53, 63
rules for using, 34, 45
technology for creating, 25
Line of best fit, 12, 32, 55-56, 56, 63
Logarithmic scales, 60, 60-61, 63
Lost Ladybug Project, 243, 243
Lung cancer, 150

M
Major Land Uses (MLU) Report, 127, 129
Map Coordinates (app), 156, 186
Maps
abstract nature of, 68-69
radon, 150-155
tectonic plates, 148, 161
weather, 90-95
Marine Weather (app), 174
Maslow’s hierarchy of needs, 221
Mean. See Arithmetic mean
Measured variables. See Interval-ratio variables
Meteograms, 71-72, 72, 96-101
Microsoft Excel, 25, 25
Mineral Resources Data System (MRDS), 143
Mining, 143
Mixed tide pattern, 193
MLU (Major Land Uses) Report, 127, 129
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Moon cycles, influence on tidal patterns, 192-198
MRDS (Mineral Resources Data System), 143

N
NASA EarthNow (app), 237
National Aeronautics and Space Administration
(NASA)
atmospheric data from, 71
cryosphere data from, 173
Earth systems data from, 111, 173, 201-202
GLOBE project managed by, 241
real-time data from, 1, 8
satellite data from, 202
National Audubon Society, 239
National Climate Center, 72-73
National Data Buoy Center (NDBC)
ocean-conditions data from, 29, 29, 171
real-time data from, 5, 5
wind speed and wave height data from, 12,
13,171, 174,177
National Drought Monitor, National Drought
Mitigation Center, 132, 132, 133, 135
National Geographic, 242
National Institute for Occupational Safety and
Health (NIOSH), 143
National Interagency Fire Center, 132, 133, 135
National Oceanic and Atmospheric
Administration (NOAA)
Animal Telemetry Network from, 111, 112
atmospheric data from, 71, 72-73, 72-73
buoy data from, 23, 171
climate data from, 173
extreme weather events identified by, 85
internet domain for, 67
ocean acidification data from, 37, 38
real-time data from, 1, 5, 8
Storm Events Database, 85-86, 88, 222
sulfur dioxide monitoring by, 142
tide data from, 171, 192, 192-193, 195, 221
National Park Travel Guides investigation, 236
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National Science Foundation (NSF), 8, 240, 242,
244
National Science Teachers Association, 243
National Snow and Ice Data Center (NSIDC), 173,
173
National Weather Service (NWS)
air pressure and wind speed/direction data
from, 10, 11
atmospheric data from, 71, 72, 73-74
real-time data from, 1, 5
website of, 90, 90, 91, 93, 96, 96, 99
Native apps, 19, 20
Natural Resources Ecology Lab (Colorado State
University), 244
NDBC. See National Data Buoy Center
Neap tide, 192

Next Generation Science Standards (NGSS), 1-2,9, 9.

See also Crosscutting concepts; Science and
engineering practices

NIOSH (National Institute for Occupational
Safety and Health), 143

Nitrous oxides, 75

NOAA. See National Oceanic and Atmospheric
Administration

NOAA Buoy Data (app), 174, 174

NOAA Buoy Reports (app), 174

NOAA Buoys Live Marine Weather (app), 174

Nominal (category) variables, 4647, 4648, 62, 63

Nontraditional writing activities, 231-238

NSF (National Science Foundation), 8, 240, 242,
244

NSIDC (National Snow and Ice Data Center), 173,
173

NWS. See National Weather Service

(0}

Oceans
acidification of, 37, 38
buoy data on, 29, 29, 37, 38, 171
climate and, 186-191
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Oceans and Climate investigation, 186-191
alignment of teaching standards with, 186
apps and device platforms, 186-187
student handout, 189-190
teacher notes, 186188
technology and data sources for, 186-187,

199

Operating systems, 18-19, 20, 21

Ordered category variables. See Ordinal variables

Ordinal (ordered category) variables, 49-52,

49-53, 61-63, 62
Outlier data points, 45, 53, 54-55
Ozone, 75-79, 237

P
Pacific Ring of Fire, 10, 11
PBS (Public Broadcasting Service), 243
Pew Research Center, 24
Photoperiods investigation, 203—208
alignment of teaching standards with, 203
apps and device platforms, 203-204
citizen science projects on, 241-242
student handout, 206-207
teacher notes, 203-205
technology and data sources for, 201, 203—
204, 224
pH scale, 60, 61
Pie charts, 47, 130
Planets, 215-220
Plate tectonics
boundaries map, 148
earthquake depth and plate boundaries,
144-149
Pacific—Australian boundary, 39, 39-40
real-time data sources on, 141-142
speed and direction of movement, 32,
156-162
volcano risk and, 163-168
Primary investigations, 30
Project Noah, 240-241
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Public Broadcasting Service (PBS), 243
Purposive samples, 44

Q

Quakefeed (app), 144

Quualitative observations, 117

Quick Response (QR) Codes, 22-23, 23, 24, 67-68,
245

R
RA (right ascension), 215
Radiosondes, 34, 71
Radon Mapper investigation, 150-155
alignment of teaching standards with, 150
apps and device platforms, 150-151
student handout, 153-154
teacher notes, 150-152
technology and data sources for, 150-151,
169
Rainfall patterns, 7
Real-time data. See also Citizen science projects;
Graphs and graphing; Real-time
investigations; Tables; Variables
accessing, 6-8, 18, 21-22
analyzing and interpreting, 34, 35-36
apps for retrieval of, 21, 21-22
of atmosphere, 71-74, 72-73, 108-109
of biosphere, 111-112, 112-113, 138-139
of celestial sphere, 201-202, 202, 224-227
challenges in working with, 27, 43
communication regarding, 44, 58-60
crosscutting concepts facilitated by use of, 2,
8-15,9-11, 13-15
of cryosphere, 173
exceptions to general rules for summarizing,
60, 60-61, 63
of geosphere, 141-143, 142, 169-170
of hydrosphere, 171-173, 172-173, 199-200
instructional implications of, 68
sources of, 1, 5-6, 8

258

time conversions for, 23, 23-24
Real-time investigations. See also Atmosphere
investigations; Biosphere investigations;
Celestial sphere investigations; Geosphere
investigations; Hydrosphere investigations;
Real-time data
experiments vs., 29-30
internet-based curriculum for, 6-7
levels of inquiry framework for, 27-29,
28-29, 30, 67
overview, 27
science and engineering practices in, 3041
Red Cross. See American Red Cross
REI National Park Guide & Maps (app), 236
Replicates, 43
Respiratory disorders, 75
Responsible Use Policies, 18
Responsive design, 19-20, 20
Rice University, 141, 156, 156, 159
Richter scale, 60, 61
Right ascension (RA), 215
River Data Lite (app), 180

S
Sampling techniques, 43, 44
San Diego Zoo (app), 114
Scaffolding approach, 26
Scatter plots
dissolved oxygen and water temperature,
183
interval-ratio data, 55-57, 55-57, 63
photoperiods, 207
rules for using, 45
technology for creating, 25
temperature and ozone level, 79
trend line in, 12, 13
wind speed and wave height, 177
Science and engineering practices, 3041
Analyzing and interpreting data, 34, 35-36,
75, 85,120, 132, 144, 150, 174, 180, 192,

NATIONAL SCIENCE TEACHERS ASSOCIATION

Copyright © 2017 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681402765



203, 215
Asking questions and defining problems,
31-32, 4344, 238
atmosphere investigations alignment with,
75, 81, 85, 90, 96, 102
biosphere investigations alignment with, 114,
120, 126, 132
celestial sphere investigations alignment
with, 203, 209, 215, 221
Constructing explanations and designing
solutions, 37, 38, 96, 132, 144, 163, 180,
192, 203, 209, 215, 234-235
Developing and using models, 32, 90, 96,
102, 120, 150, 156, 186, 209, 237
Engaging in argument from evidence, 37,
39-40, 3940, 75, 81, 90, 102, 186, 221,
233
geosphere investigations alignment with,
144,150, 156, 163
hydrosphere investigations alignment with,
174,180, 186, 192
Obtaining, evaluating, and communicating
information, 40, 114, 126, 233-238
overview, 1, 30-31
Planning and carrying out investigations,
32-33,163, 174, 221, 236
Using mathematics and computational
thinking, 35-36, 81, 85, 126, 156
Science literacy, 231
SciStarter projects, 242-243, 243, 246
Sea ice levels, 173,173
Seasonal changes, 31, 31, 203, 209-214, 241-242
Secondary investigations, 30
Semidiurnal tide pattern, 193
Silvertown, J., 239
Skeptical Science (app), 233
Sky chart, 218, 220
Small World Data projects, 244-245, 245, 246
Smartphones and tablets
availability to students, 24
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classroom management of, 24
operating systems for, 19
real-time data access through, 1
responsive design for, 19
student uses of, 8
teaching practices impacted by, 7
Smithsonian Institution, 142
Solar Terminator investigation, 209-214
alignment of teaching standards with, 209
apps and device platforms, 209-210
student handout, 212-213
teacher notes, 209-211
technology and data sources for, 209-210,
224
Solstices, 209, 213
Spreadsheets, 25, 25
Spring tide, 192
Stanford University, 69
Station models, 90, 93
Storm (app), 90, 91
Storm Events Database (website), 85-86, 88, 222
Straight-line relationships, 57, 57
Stratospheric Ozone investigation, 237
Stiive diagrams, 34, 36, 72
Sun Rise and Fall (app), 203, 204
Sunrise Sunset (app), 203
Surface temperature across Earth, 81-83
Survival strategies, 221-223

T

Tables
aircraft and wind data, 106
dissolved oxygen and water temperature,

184

drought and wildfire data, 136
graphs displayed alongside, 25
interval-ratio data, 53-55, 54, 63
land-use data, 130
nominal-level data, 46,47, 63
oceans and climate, 190
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ordinal-level data, 49-50, 51, 63
photoperiods, 207
planets, 219
radon-gas risk, 154
solar terminator, 213
structuring for effectiveness, 45
tectonic plate boundaries, 148, 160
temperature and ozone level data, 79
tide pattern and Moon cycle, 196
usefulness of, 44-45
volcano risk, 167
wind speed and wave height, 178
Tablets. See Smartphones and tablets
Tamir, P, 28, 28-29, 30, 67
Technology, 17-26. See also Apps; Real-time data;
Smartphones and tablets
Acceptable Use Policies for, 17, 18
access capabilities, 17-18
bring-your-own-technology policies, 1, 18,
26,239
device management, 24
for graphing, 25, 25-26, 45
operating systems, 18-19, 20, 21
Quick Response Codes, 22-23, 23, 24, 67-68,
245
Responsible Use Policies for, 18
responsive design for, 19-20, 20
Tectonic Plate Shuffle investigation, 156-162
alignment of teaching standards with, 156
apps and device platforms, 156
student handout, 159-161
teacher notes, 156158
technology and data sources for, 156-157,
169
Temperature investigations
altitude and atmospheric temperature, 34,
35-36
animal movement and sea-surface
temperature, 111
in east vs. west coast cities, 46—47, 47-48
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rainfall and temperature patterns, 7
surface temperature across Earth, 81-83
water temperature and dissolved oxygen,
180-185
Theory, defined, 37
This Land is Our Land investigation, 126-131
alignment of teaching standards with, 126
apps and device platforms, 126-127
student handout, 129-130
teacher notes, 126-128
technology and data sources for, 112, 113,
126-127, 138
Tide Chart Free (app), 192
Tides of Change investigation, 192-198
alignment of teaching standards with, 192
apps and device platforms, 192-193
student handout, 195-196
teacher notes, 192-194
technology and data sources for, 171, 192—
193,199
Timeanddate.com Day and Night World Map
(website), 209, 210, 212
Time conversions, 23, 23-24
Tonight’s Sky investigation, 215-220
alignment of teaching standards with, 215
apps and device platforms, 215-216
student handout, 218-220
teacher notes, 215-217
technology and data sources for, 215-216,
224
Tropospheric ozone, 75

U

United Nations, 21, 238

University of Massachusetts, 244

U.S. Census Bureau, 111, 126, 127, 129, 151

U.S. Department of Agriculture (USDA), 112, 126,

126,127,129, 221
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