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Framework for Carbon Cycling in Socio-ecological Systems

Carbon-transforming processes are uniquely important in socio-ecological systems and 
understanding those processes is essential for citizens’ participation in environmental 
decision-making.

Environmental science literate students 
should be able to use fundamental principles
to explain biogeochemical processes:

Processes:
Generation of organic carbon
Transformation of organic carbon
Oxidation of organic carbon

Principles:
Tracing matter through processes
Tracing energy through processes
Change over time

Our study examines students’
accounts of tracing matter 
(or “stuff”) through processes.

Methods and Goals of Analysis

Participants included students in grades 4-10 from 10 classrooms serving primarily 
suburban and rural public schools.

Assessments were paper-pencil tests developed over a three year period focused on the 
three carbon-transforming processes. We selected 14 items from our item pool that 
specifically asked students about matter in systems and processes.

Learning progressions are descriptive sequences of student’s thinking about a topic:
Upper Anchors- target performances or goals for science education
Lower Anchors- what students bring to science classrooms
Intermediate transitions- levels describing transitions between upper and lower 
anchors

Goals of analysis were to develop three products:
1.Tracing matter levels to describe students tracing of “stuff”

 

through processes.
2.Exemplar response to represent characteristic explanations for a

 

given level on 
each assessment item.

3.Analysis of 14 assessment items to further refine levels and identify trends across 
processes.

Generation of organic carbon

Tracing matter levels 

Trends in our learning progression

Oxidation in human-engineered systems

Transformation of organic carbon

Oxidation of organic carbon in living systems 
What happens to an apple/dead tree when it rots? What gases do plants take in and how are 
they used? When Jared lost weight, where did the mass of his fat

 

go? 

Elementary and middle school
students are split between
level 2 reasoning (matter 
disappears) and level 3 
where matter is changed, but 
not at the cellular level.

High school students are 
decidedly level 3, although 
some have an atomic-molecular 
account of cellular respiration.

Is wood a mixture? When an acorn grows into a large tree, where did the increases in weight 
come from? What is food for the acorn (plant)? What gases do plants take in and how are 
they used? How could cutting down trees influence climate? 

Elementary & middle school
students cluster around level 3,
explaining photosynthesis in 
terms of materials going into 
the plant.

High school students cluster 
around level 4 and focus on a 
cellular accounts of 
photosynthesis.

What happens to a match when it burns? What happened to the gasoline when a car is empty? 
How could using gasoline affect global warming? What make materials energy-rich?

Elementary students 
cluster around level 2,
focusing on observable 
changes in match/gas 
and allowing matter to 
disappear.

Middle and high school students cluster around level 3 indicating they do not understand 
combustion at an atomic-molecular level (e.g., matches turn to ash; gasoline evaporates).

Is wood a mixture? When an acorn grows into a large tree, where did the increases in weight 
come from? What happens to an apple after you eat it? How could glucose from a grape 
give you energy to move your finger?

Elementary and middle
school students give 
level 3 explanations of
digestion and biosynthesis, 
being able to trace materials
through the body, but not to
the cells.

High school students
range between level 3 and 5, 
showing they have cellular accounts 
of digestion & biosynthesis, but they cannot 
trace matter completely through these processes.

Invisible to Visible
Hierarchy of Systems- scale at which students trace matter expands
Connections between systems- students make connections between systems using 
matter

Events to Process
Causality- student learn to use matter (and energy) to explain why things happen
Conservation- students learn that matter cannot disappear
Connections- students learn to make connections between seemingly separate 
processes

Objects to Materials
Mixtures- students learn that carbon-containing molecules form many important 
mixtures
Gases are matter- students learn to trace gases into and out of processes

We would like to thank Yong-Sang Lee at the University of California, Berkeley for his 
assistance in the data analysis process. We also acknowledge the

 

contributions made by Hui

 

Jin, Hsin-Yuan Chen, and Chris Wilson from Michigan State University and Karen

 

Draney, 
Mark Wilson, and Jinnie

 

Choi, at the University of California, Berkeley in developing the 
framework that guided our research.

Human Social and Economic 
Systems

Energy distribution 
Systems

Transportation 
Systems

Agricultural
Systems

Other land use and
Settlement

Atmosphere (Physical Systems)
(composition of air; atmospheric CO2

 

)

Biosphere (Biological Systems)
(Food chains, growth & weight loss, carbon 

sequestration, organic carbon)

Ecosystem services: Foods and fuels as the sources for energy 
consumption and alterations in land use

Human Impact: human energy consumption and land use 
causing climate change over time

Generation of 
organic carbon & 
harnessing energy 
(photosynthesis)

Movement of organic carbon & 
passing on energy

Oxidation of 
organic carbon & 
energy dissipating 
(respiration, 
combustion)

Environmental SystemsCO2 emissions
Deforestation

Food & 
Fuels

Level 7: Quantitative 
Reasoning about 
Uncertainty

Can explain sources and quantitative estimates of uncertainty 
associated with carbon fluxes and their influence on global 
warming.

Level 6: Quantitative 
Model-based Reasoning

Quantitatively traces matter within and between organisms and 
between living and non-living systems.

Level 5: Qualitative 
Model-based Reasoning

Qualitatively describes matter transformations during 
processes and conserves chemical substances.

Level 4: “School 
Science”

 

Narratives
Recognizes matter transformations at the cellular and atomic-

 

molecular level and attempts to conserve chemical 
substances.

Level 3: Events Driven 
by Hidden Mechanisms

Recognizes mechanisms for events at a hidden scale; 
conserves matter for visible physical changes.

Level 2: Sequences of 
Events

Describes observable changes in systems, but not attempt to 
conserve matter during those changes.

Level 1: Egocentric 
Reasoning about Events

Explains why events involving changes in matter happen in 
terms of human needs and intentions.

Elementary, middle and high school students on levels 
(oxidation in human engineered system)

15.0

7.5

52.5

25.0

0.0
5

0

20

57.5

17.5

2.5 5

17.5

52.5

22.5

0
10
20
30
40
50
60
70

0 1 2 3 4
Level

E
M
H

Percentages of elementary, middle and high school students 
at different levels (Generation)

elementary(n=40), middle school(n=100), high school (n=100)

10 2.5
15

57.5

15
0

19
8 17

45

10 14 2 2
20

56

16

0
20
40
60
80

0 1 2 3 4 5
Level

E
M
H

Percentages of elementary, middle and high schoo
students at different levels (Oxidation in living 

systems)

27.5

15.0

32.5

25.0

0.0
5.0

15.0

33.3 35.0

11.710.0

0.0
5.0

58.8

26.3

0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0

0 1 2 3 4
Level

E
M
H

Percentages of elementary, middle and high school 
students at different levels (Transformation in living 

systems)

11.7
1.7

23.3

53.3

10
0

13.3
5

18.3

46.7

16.7

02.5 0 1.2

28.8

52.5

20

0
10
20
30
40
50
60

0 1 2 3 4 5
Level

E
M
H


	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


