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ABSTRACT

In this paper we present a flood of new water cycle resources created by a
team of scientists, educators, and creatives to address existing limitations in
water cycle resources. These resources can be used to add more details to your
instruction, add context to the water cycle, be more intentional about includ-
ing humans, and teach science literacy skills.
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O Why do we need to revamp water
cycle education?

Water is critical for human existence. Women and children walk
miles to collect it and political battles are fought to secure it. You
interact with water daily and as you read this article, there is almost
certainly water somewhere nearby. Our daily lives are influenced by,
and influence, the quality and availability of water.

Nonetheless, humans are often omitted from instruction related
to water issues such as the water cycle, hydrosphere, or Earth’s
resources. What students are expected to learn and do related to
these topics are captured in Next Generation Science Standards
performance expectations MS-ESS2-4; 5-ESS2-1; and 5-ESS2-2,
5-ESS3-1 (NGSS Lead States, 2013). In an analysis of hundreds of
water cycle diagrams, researchers found that representations almost
universally omit water quality, less-visible water sources (e.g.,
groundwater), changes in climate, and the presence of humans
altogether (Abbott et al., 2019). Considering how the water cycle
impacts humans and how humans impact the water cycle, it is cru-
cial to reconsider and improve how water issues are taught (e.g.,
Forbes et al., 2015). One important step in making these improve-
ments is by improving the water cycle resources used in classrooms.
In this paper we present a collection of new water cycle resources
and present ways these resources could be used in classrooms, par-
ticularly in middle school grades.

A Flood of New Water Cycle

O What makes these resources different?

This collection of water cycle resources was created by a team of
scientists, educators, and creatives to address limitations of existing
resources. Specifically, these resources

1. show water from a human perspective, focusing on ground-
level views of water on a landscape;

2. highlight where water is hidden, such as groundwater,
atmospheric rivers, and virtual water use; and

3. emphasize the interactions of humans and water, including
issues of water quality.

O How can you use these resources?

We have shared these resources with teachers and observed how
they were used. From those observations, we noticed four ways
teachers use the new resources.

Adding Details

Teachers use these improved water cycle resources to add impor-
tant details to their instruction. Water cycle instruction can become
focused on the three most basic processes—evaporation, conden-
sation, and precipitation. However, this leaves out important pro-
cesses such as transpiration and infiltration, which are essential to
replenishing water supplies in our aquifers and reservoirs. Because
many of the new water cycle resources include these processes, we
found that teachers added these details into their instruction.

For example, the “Water Cycle Vocabulary” (Figure 1) poster
could be used in a middle school class to help students have a more
detailed understanding of the water cycle (MS-ESS2-4). This poster
includes the processes of transpiration and infiltration—important
processes in the water cycle that are often glazed over in instruc-
tion—alongside precipitation, condensation, and evaporation. This
poster also includes details about what is happening in each process
at the molecular level. For example, water droplets are shown gath-
ering around a piece of dust or ash in the box for condensation. The
box for evaporation indicates that water can be less than boiling
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Liquid water moves through the
atmosphere on alr currents. As It
moves, It can change temperature
and combine with other water
molecules to form droplets. As these
droplets grow, they become too
heavy and fall as raln, snow, or hall,
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Uquid water can turn Into water
vapor even without bolling.
Evaporation happens as the sun’s
energy heats the surface of the
water. This energy causes some
molecules to float off as water vapor.
Humans also cause evaporation
when we heat water. A lot of
evaporation happens over the ocean,
but plenty occurs Inland from lakes,
rivers, and even soll.
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Water on the land soaks Into soll and
Inflitrates deeper Into rocks. This
water collects In cracks and rock
layers called aquifers and can remain
there for long periods of time. When
humans pump this water out It takes
many years to replace It. Some
pollutants are flitered out naturally
during Infiltration, but other
chemicals may stay dissolved In the
water.
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Figure 1. The Water Cycle Vocabulary poster shows five common water cycle terms and includes human interaction and
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TOGETHER LIKE A MAGNET.

Figure 2. One image from the Camp C.O.R.E. graphic novel showing a personification of water.

temperature when evaporation occurs. These details are an impor-
tant part of helping students meet the performance expectation’s
(MS-ESS2-4) emphasis on changes of state.

Another resource for helping students learn more detail about
water issues is the Camp C.O.R.E. graphic novel (Figure 2), which
includes two chapters on the water cycle (related to MS-ESS2-4).
These chapters capture important details about the unique proper-
ties of water by presenting a personification of water. Details about
the sun as a driver of the water cycle and specific water landscapes
are also included. Additionally, the Camp C.O.R.E. graphic novel
highlights interactions humans have with water and climate, an
important part of performance expectations such as 5-ESS2-2 and
5-ESS3-1.

Add Context to the Water Cycle

Teachers can also use these new water cycle resources to help stu-
dents see the water cycle in context. Water cycle diagrams often
portray the water cycle occurring at a generic, unknown location
that students have never experienced. By identifying the water cycle
in contexts that are familiar to them, students are more likely to
see how their lives influence and are influenced by the water cycle.
In addition to helping students understand the processes involved
in the water cycle (MS-ESS2-4), these can also help students see
how humans can influence “Earth’s resources and environment”
(5-ESS3-1).

The “Where is the Water?” series (Figure 3) is one resource that
helps contextualize the water cycle. This series shows the water
cycle occurring in six different landscapes students may experience
from the perspective of a human standing on the ground. These
include a farm (agriculture), a coastline overlook (coastal), a desert
viewpoint (desert), a campsite in the forest (forest), a neighborhood
park (suburban), and a city street (urban). In the urban poster (Fig-
ure 3A) we see water moving on pavement and in pipes as it is used

in a home. This is very different from the decontextualized scenes
often portrayed in water cycle diagrams. These posters highlight the
locations of water and state changes involved with moving among
locations in a specific context.

More Intentional About Humans

It is important to be more intentional about highlighting the role
of humans in the water cycle. Water cycle diagrams that include
humans make it easier to include ourselves as part of that conversa-
tion. Our initial work with teachers has found that simply includ-
ing humans in water cycle diagrams made students more likely to
identify the role of humans in the water cycle (Hill et al., 2022).

The “Simple Water Cycle” diagram is very similar to traditional
basic diagrams (Figure 4). A major difference, however, is that this
resource superimposes the water cycle on a city landscape. This
encourages students to acknowledge that the water cycle occurs in
settings where humans live. Teachers could then take additional
steps to be more intentional about showing the role of humans in
each step of the basic water cycle (e.g., piping, storing, and using
water).

Teach Science Literacy Skills

Finally, using these diagrams creates an opportunity for teachers
to intentionally help students learn science literacy skills. This
includes skills for reading visual information, using keys and labels,
identifying the role of color coding, and comparing multiple dia-
grams for strengths and weaknesses. These are skills highlighted in
the College and Career Readiness Anchor Standards from the Com-
mon Core Standards (National Governors Association Center for
Best Practices, 2010) and in the science practice of obtaining, evalu-
ating, and communicating information (National Research Council,
2012). Both documents highlight the importance of students being
able to understand information from visual representations.
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Figure 3. The Where is the Water? series shows where water is located and how it moves on six landscapes. (A) Blue shading
highlights water locations, yellow arrows show how water moves. (B) The full poster contains additional information about the
types of movement and where they occur. (C) Black and white versions of each image are available.
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Figure 4. The Simple Water Cycle shows the basic processes of the water cycle on a city landscape.

A THE WATER CYCLE

The hydrologic cycle representing major water pools (blue text) and natural water fluxes (black text). This image does
not include important seasonal and year-to-year changes in the many pools and fluxes in the water cycle.

8 THE MODERN WATER CYCLE

The hydrologic cycle representing major water pools (blue text), natural water fluxes (black text), and any fluxes
directly impacted by humans (orange text). Orange shading indicates areas of human pollution. This image does not
include important seasonal and year-to-year changes in the many pools and fluxes in the water cycle.

Figure 5. The Modern Water Cycle posters show a landscape without human impact (A) and a landscape explicitly showing
human impacts (B).
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Teachers could use the “Modern Water Cycle” posters
(Figure 5) to teach this science practice and associated literacy
skills. For example, this diagram includes labels that are color
coded (e.g., places impacted by humans are highlighted orange;
Figure 5B). The idea that these colors are both intentional and
meaningful is an important literacy skill, as captured in the
statement that students should “integrate and evaluate content
presented in diverse formats and media” (National Governors
Association Center for Best Practices, 2010, p. 35). Connecting
highlighted words with the colors on the landscape is also impor-
tant—the segments shaded orange correspond with the labels that
are highlighted orange.

O Conclusion

As a final note, these water cycle resources have been designed
for use by teachers. They were developed to align with concepts
and skills taught in schools and are open-source, freely available
at watercycle byu.edu. This website includes full posters for those
who want to project or print the entire resource. The website also
includes individual images for teachers who want to project or print
just one segment of the resource. In addition, there are black and
white versions of most images (see Figure 3C) to enable printing by
teachers who do not have easy access to color printing. We hope
these resources will support educators seeking to teach a more accu-
rate water cycle with humans as active participants who depend on
this global cycle to thrive.
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CLASSROOM &
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Cellular Landscape Posters/Diagrams
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DIGITAL CAMERAS
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ADInstruments

4360 Arrowswest Drive
Colorado Springs, CO 80907
719-576-3970

Kaitlynn Arnholt
k.arnholt@adinstruments.com
https://www.adinstruments.com

American Museum

of Natural History

Central Park West at 79th Street
New York, NY 10024
212-496-3632

Rob Steiner

rsteiner@amnh.org
Learn.amnh.org

American Society of Plant Biologists
15501 Monona Drive

Rockville, MD 20877

301-251-0560

Shoshana Kronfeld
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Cambridge, MA 02138
617-384-0360

Nicole Sjoblom
nicoles@labxchange.org
www.labxchange.org

MiniOne Systems
7738 Arjons Drive

San Diego, CA, 92126
858-684-3190

Erika Fong
info@theminione.com
www.theminione.com

miniPCR bio

1770 Massachusetts Avenue
Suite 167

Cambridge, MA 02140
781-990-8727

Ezequiel Alvarez Saavedra
team@minipcr.com
www.minipcr.com

National Academy of Sciences,
Engineering, and Medicine
500 5th Street NW

Washington, DC 20001
800-624-6242

Zina Jones

Zjones@nas.edu

www.nap.edu

Nourish the Future

1926 Chatfield Road

Columbus, OH 43221
888-737-0485

Susan Sherer
connect@nourishthefuture.org
nourishthefuture.org

Pivot Interactives

4350 Congress Street

Suite 700

Charlotte, NC 28209

651-238-9175

Peter Bohacek
info@pivotinteractives.com
https://www.pivotinteractives.com

TeaciDNA

TeachDNA LLC

1628 Madrona Drive
Seattle, WA 98122
731-540-2545
Morgan Goulding
mag@TeachDNANNET
www.JIeachDNA.NET

”s pHandy

uHandy Mobile Microscope

11-1F, No.171, Sec.3, Roosevelt Road
Daan Dist,, Taipei City, Taiwan 10647
Jolanda Hsu

+886-2-2368-5358
service@loveuhandy.com
https://uhandy.cc/US

Vaccine Makers Project,

VEC at CHOP

Children's Hospital of Philadelphia,
Vaccine Education Center

3401 Civic Center Boulevard, Roberts
Center, 9th Floor

Philadelphia, PA 19104
215-590-9990

Vaccine Makers Project Team
vacinfo@chop.edu
https://vaccinemakers.org

Visible Body

492 0ld Connecticut Path, Suite 501
Framingham, MA 01701
617-527-9999

Courtney Smith
courtney.smith@visiblebody.com
www.isiblebody.com

Wisconsin Fast Plants Program
Department of Plant Pathology
University of Wisconsin-Madison
Dan Lauffer

Info@fastplants.org
www.fastplants.org

The Wolbachia Project
Pennsylvania State University
Millennium Science Complex
Pollock Road

University Park, PA 16802
814-865-1152

Sarah Bordenstein
sth6253@psu.edu
https://wolbachiaproject.org
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Student-Centric Design:

Concise text, annotation features, and Captures student responses as a ‘record of
engaging infographics promote active learning work’ reinforcing the learning moment and
and comprehension. enabling self-grading.

Koyisseoowisenbieipd zie v 98 202 198/8.25 | 8/212/y/98/Pd-8

Rigorous and Engaging:

Achieve academic excellence while keeping Text-to-translation tool and resources for visual
students captivated by the interactive content. learners empower students with diverse needs.

Adaptable Design and Flexible Format:

Infuse your classroom with real-world data and Seamless transition between print and digital
regularly-updated content. ensures adaptability to multiple teaching
environments and diverse teaching styles.
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BIOZONE distinguishes itself through its innovative instructional features, student-centric approach,
and a focus on engagement and accessibility. This comprehensive package makes BIOZONE a
standout choice for educators seeking a dynamic and effective science curriculum.

info@BIOZONE.com www.BIOZONE.com/us 855.246.4555




