
This research is supported in part by three grants from the National Science Foundation: Developing a research-based learning progression for the role of 
carbon in environmental systems (REC 0529636), the Center for Curriculum Materials in Science (ESI-0227557) and Long-term Ecological Research in Row-
crop Agriculture (DEB 0423627. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not 
necessarily reflect the views of the National Science Foundation. EVIRONMENTAL LITERACY

ENVIRONMENTAL LITERACY

Center for Curriculum Materials in Science (CCMS)Center for Curriculum Materials in Science (CCMS)

Environmental Systems

Adding materials 
(i.e. erosion, 
dissolution)

Removing 
materials (filtration, 
wetlands chemistry)

Processes that alter water 
composition

Evaporation

Condensation
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Water in Environmental Systems Learning Progression

Methodology

Water Curriculum Materials

Ecosystem Service: Fresh water for personal use and consumer products

Processes Structure of Systems

Human Actions:

 

Change distribution and reduce quality of fresh water

Structure of Fresh Water Systems
Atmospheric Water  Surface Water  Groundwater  Living Systems

Run-off

Infiltration

Transpiration

Processes that move & 
re-distribute water

Human Social-Economic Systems

Processes that alter 
water composition
Adding materials: 
pollution
Removing materials: 
water treatment

Structure of Human Engineered Systems
Water collection
Water cleaning
Water distribution

Processes that 
move & 
redistribute 
water
(i.e. groundwater 
pumping, water 
diversions)

Level Title Characteristics

Structure of Systems Processes that Move 
Water

Processes that 
Alter Water

Groundwater Question: 
Draw a picture of what you think it 
looks like underground where there is 
water.  Also, show in your picture how 
we get water out of the ground.

Puddles Question:
After it rains you notice puddles in the 
middle of the soccer field.  After a few 
days you notice that the puddles are 
gone.  Where did the water go?

Polluted Water to Rain:
Does polluted lake water turn 
into polluted rain?  Explain 
why or why not.

7
Quantitative 
Uncertainty & 
Change

Can explain sources and quantitative 
estimates of uncertainty in projections of 
water supply or water quality associated with 
climate change or human management of 
watersheds and groundwater. 

6

Quantitative 
Model-Based 
Accounts Across 
Scales 

Quantitatively traces water and materials in 
water through systems at multiple scales.

Relates quantitative measures of 
concentration of materials in water to 
measures of mass and effects of purification 
processes.

5

Qualitative 
Model-Based 
Accounts Across 
Scales

Uses models to trace water and materials in 
water along multiple pathways through 
systems at multiple scales.

Relates atomic-molecular models of 
solutions and suspensions to water quality 
and macroscopic and large-scale processes.

The water did one of two things. 
Either it seeped into the ground 
(which needs no evaporation) or it 
was evaporated. Heat from the sun 
provided energy to the molecules 
speeding them up. With the increase 
the molecules have a less rigid 
structure and the water becomes 
water vapor. 

4
School Science 
Narratives of 
Processes

Uses spatial visualization to trace matter 
through systems and explain mechanisms of 
flow. 

Associates water quality with dissolved or 
suspended materials, but not specific about 
chemical identity or atomic-molecular 
models.

Some water is evaporated, some of it 
is absorbed in the ground, and goes 
into the ground water.

When water evaporates, only 
the water leaves and the 
pollution is left behind. 

3

Causal 
Sequences of 
Events with 
Hidden 
Mechanisms

Recognizes that a mechanism is required to 
move or change water, but mechanisms 
provided do not account for limitations of 
processes or systems.

Associates water quality with conditions or 
non-specific materials (e.g., “chemicals”).

It dissolved in the ground because of 
the heat. 

Yes. Because when water 
evaporates it turns into water 
vapor which then condenses 
into clouds. When the 
temperature drops and 
precipitation occurs the 
pollution form the lake that 
transferred into the cloud has 
now but transferred into the 
precipitation.

2 Events-Based 
Narratives

Uses iconic visualizations and 
representations, usually about visible parts 
of systems, but does not recognize hidden 
mechanisms for events.

Characterizes water quality in broad terms—

 
good or bad.

Water on the ground goes into the 
clouds one day. 

No. The polluted lake couldn't 
turn into polluted rain 
because the rain is fresh and 
the lake could be polluted 
with garbage.

1 Human-Based 
Narratives

Explains what happens to water in terms of 
human needs and agency. 

We need to have a lot of water.

•
 

Administered approximately 875 
assessments

•
 

Questions addressed all aspects of water in 
environmental systems

•
 

Assessments tailored to class focus (i.e. 
chemistry, groundwater, watersheds, 
general)

•
 

Conducted 10 interviews of high school 
students about groundwater & watersheds.

•
 

Classes sampled 
•
 
2nd-12th

 
grade

•
 
Urban, suburban, rural schools

•
 

Analysis
•
 
Sampled 20 responses for each question 
across age and location range

•
 
Ordered and grouped questions to develop 
characteristics for learning progression

When teaching about water, some teachers chose to use curriculum
 
materials developed through 

CCMS. Although this research did not focus on the effect of these materials, the materials 
provided a context that allowed for the collection of responses related to the specific aspects of 
the water cycle framework.

Water for People & the Planet
 
–

 
Examines groundwater, watershed, and engineered  systems. 

Addresses the questions, “Where does our water come from?”
 
and “Where does it go?”

 
Uses an 

inquiry-application approach. Includes embedded assessments for teachers. Co-generative 
dialogues with students were conducted during development to include student perspectives on 
water-related issues and instructional activities.

Mixtures & Solutions
 
–

 
Explores powers of ten and properties of suspensions and solutions. 

Addresses the questions, “What is in our water?”
 
and “What is the best way to clean water?”

 
Uses 

an inquiry-application approach.

Kristin L. Gunckel, Beth A. Covitt, Hasan Abdel-Kareem, Rebecca Dudek, Charles W. Anderson
Michigan State University
Kristin L. Gunckel, Beth A. Covitt, Hasan Abdel-Kareem, Rebecca Dudek, Charles W. Anderson
Michigan State University


	Slide Number 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Smallest File Size'] Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /LowResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


