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INTRODUCTION

S
martphones and tablets are now in the hands of even our youngest learners. As 

teachers, we are encouraged to use bring-your-own-technology (BYOT), but often 

are not sure how to transform smartphones and tablets into a valuable learning tool 

for meaningful instruction.

One answer lies in using a number of free smartphone and tablet apps that provide 

“real-time” data to explore Earth and environmental science concepts. These are data col-

lected and made available in real time, or nearly so. Real-time data can be found on web-

sites such as the U.S. Geological Survey (USGS), the National Oceanic and Atmospheric 

Administration (NOAA), the U.S. Environmental Protection Agency (EPA), NASA, and 

the National Weather Service (NWS). These are all government agencies that provide 

free data products such as weather and earthquake information, streamflow data, toxic 

waste information, times of celestial events, and planetary data. These data are free, and 

a multitude of apps have been developed that access and visualize them, in most cases 

at no cost. Students can access this information on websites; however, allowing students 

to investigate concepts using their smartphones in app-based activities allows them to be 

more engaged in science investigations and teaches them how to turn the technology they 

carry with them all the time into a useful learning tool.

Using real data in classroom investigations aligns with the following Next Generation 
Science Standards (NGSS) science and engineering practices:

• Asking questions and defining problems

• Planning and carrying out investigations

• Analyzing and interpreting data

• Developing and using models

• Constructing explanations and designing solutions

• Engaging in argument from evidence

• Using mathematics and computational thinking

• Obtaining, evaluating, and communicating information
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The NGSS crosscutting concepts involved in real-time data investigations include the 

following:

• Patterns

• Cause and effect: Mechanism and explanation

• Scale, proportion, and quantity

• Systems and system models

• Energy and matter: Flows, cycles, and conservation

• Structure and function

• Stability and change

This book is designed to help the classroom Earth and environmental science teacher 

develop student investigations that use real-time data. It includes information on the tech-

nology and classroom implementation aspects of accessing and using data for meaningful 

learning. Sample lesson plans are included that showcase specific data and the apps that 

include them. But more importantly, this book provides the classroom teacher with a set of 

tools to develop investigations with any online-accessible data. Finally, exploring real-time 

data is not limited to independent experiences—collecting and sharing data with others 

can promote collaborative scientific investigations. With the use of multiple web-based 

applications and apps for personal devices, opportunities exist for everyone to participate 

in citizen science programs.
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1

WHAT ARE REAL-TIME DATA?

E
very time an earthquake happens anywhere on our planet, the U.S. Geological Sur-

vey (USGS) records its location, magnitude, and depth. This information is avail-

able immediately through the USGS website. Most people are familiar with the data 

provided by the National Weather Service. Through its website, information about surface 

and atmospheric conditions such as barometric pressure, wind speed, wind direction, and 

humidity are updated hourly and available in real time.

The National Data Buoy Center (NDBC), a division of the National Oceanic and Atmo-

spheric Administration (NOAA), provides data from hundreds of buoys in every ocean 

and other major body of water in the world (Figure 1.1), including latitude, longitude, 

wind speed, wave height, air temperature, water temperature, and wave period. These 

data are updated hourly for most stations and posted online in real time. As conditions 

change, data are updated and made immediately accessible to anyone, anywhere.

Other data collected by various government agencies and distributed via the web in 

real time include stream quality, groundwater levels, toxic waste amounts, ozone levels, 

tide tables, Moon phase, and sunrise and sunset times. Because these data are provided by 

Figure 1.1. Example of NDBC buoy data

Source: National Data Buoy Center, www.ndbc.noaa.gov.
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This page may be photocopied or reproduced with permission for a single classroom use.

TEACHER NOTES: AIR QUALITY

Learning Goal Students will explore the relationship between tropospheric ozone and 
temperature and how human populations aff ect ozone levels.

Disciplinary 
Core Ideas

• Weather and climate
• Human impacts on Earth systems

Science and 
Engineering 
Practices

• Analyzing and interpreting data
• Engaging in argument from evidence

Crosscutting 
Concepts

• Energy and matter: Flows, cycles, and conservation
• Stability and change

Background 
Information

Tropospheric ozone is a gas that occurs naturally in the atmosphere in 
small amounts. It is also produced by photochemical reactions when 
sunlight interacts with pollutants such as nitrous oxides (NOx), carbon 
monoxide (CO), and volatile organic compounds (VOCs) produced by 
automobiles, industry, and other human activities. High levels of ozone 
in the troposphere present a health risk to humans and other organisms. 
In people, respiratory problems are more likely to occur when ozone 
levels are elevated, which can be especially problematic for people with 
asthma. Because sunlight and heat increase ozone formation, ozone 
levels are often higher in summer than in winter. Also, because it is 
formed from pollutants such as CO, NOx, and VOCs, ozone levels are 
usually higher in high-population areas than in rural areas.

DATA AND TECHNOLOGY

Online Sources

• AIRNow website (www.airnow.gov) for 
air-quality data

• Weather Underground website (www.
wunderground.com/history) for climate 
data

• QR Codes: See Table 5.1 (p. 108).

AIRNow website screenshot

Source: www.airnow.gov.

App and 
Device 
Sources

Weather History Explorer 
app for weather history data

Device platforms: Android, 
iOS

AIRNow app for air-quality 
data

Device platforms: Android, 
iOS
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This page may be photocopied or reproduced with permission for a single classroom use.

DATA AND TECHNOLOGY (continued)

Technology 
Notes

Although there are dozens of apps that provide current air-quality data, 
the authors found no apps that provide historical data. The EPA AIRNow 
app provides current data. To fi nd historical data, students should access 
the EPA AIRNow website through a browser on a computer or their 
device. This should not present much of a problem, because the data are 
easy to access through the website.

About the 
Data

Data Sampling: You might need to help students determine how to sample 
fairly. For instance, students might pick a particular day of the month to 
sample at a particular time or if there are multiple measures each day, they 
might calculate the mean (average) temperature for the day.

Data Type: Temperature and ozone level are interval–ratio (measured) 
types of data.

Data Issues: More-astute students might notice that the months being 
diff erent lengths could cause minor data variation on the horizontal axis. 
One solution to this is to divide the number of days in a year by 12 and 
then measure at the same point in each of those periods. This will result 
in 12 evenly spaced measures; note they will be on diff erent dates of each 
calendar month.

USING AND ADAPTING THE ACTIVITY

About the 
Activity

Ozone levels are reported using an air quality index (AQI) that corresponds 
to actual ozone levels. The EPA AQI of 100 represents ozone levels of 
0.075 parts per million (ppm) averaged over an 8-hour period. Levels of 
0.070 ppm are considered the standard for EPA regulations. Students will 
need to understand that the method of data sampling will present outliers, 
because air quality is also aff ected by weather conditions such as wind, 
sky cover, and precipitation, which aff ect the availability of pollutants and/
or the amount of sunlight available for photochemical reactions.

Scaling Down

Use a jigsaw activity by having students work in pairs, with each pair 
collecting one data point and sharing with the class. You can also use 
an app and track data over long periods of time, starting early in the 
year. Have students collect daily data and record it on a class weather 
calendar to correlate temperature and ozone only, without comparing it 
to less-populated areas. By the end of a full semester, the amount of data 
collected will be suffi  cient for analysis.
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This page may be photocopied or reproduced with permission for a single classroom use.

USING AND ADAPTING THE ACTIVITY (continued)

Scaling Up

Have students collect other weather data, such as precipitation or wind 
speed. Then, they can compare data from sunny dates to data from rainy 
dates as an additional variable in producing photochemical ozone, or 
explore the role of wind in reducing pollutants. Students can also collect 
data related to population density for urban areas.

Extending

Ozone Monitoring: Students in urban areas can use ozone test strips to 
monitor ozone levels near their school.

Ozone Up High: If it is the same molecule, why is ozone considered 
bad low in the atmosphere but good when up high in the atmosphere? 
Students can investigate stratospheric ozone using the NASA app Earth 
Now, and compare stratosphere and troposphere ozone levels.

Enrichment Using Data: Have students construct a meteogram for 
temperature and ozone level (with the time variable on the horizontal 
axis) to examine variation over the year.

ASSESSMENT NOTES
Although ozone levels vary seasonally, they will be higher in the summer than at other times 
of the year because of increased ultraviolet light levels. Generally, trend lines should show a 
greater correlation between ozone and temperature in urban areas than in rural ones.

© 2017 Hawker Brownlow Education • 9781760561222 • NST1222© 2017 Hawker Brownlow Education • 9781760561222 • NST1222 77 77

CHAPTER 5CHAPTER 5
INVESTIGATIONS USING REAL-TIME ATMOSPHERE DATA INVESTIGATIONS USING REAL-TIME ATMOSPHERE DATA 

ATMOSPHERE

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n




