Earth System Science Education as a System: Who is Responsible for Closing the Loop? What We Learned:

. . . . The overwhelming majority of state science standards There is not much support in most state science standards for Blue - heaviest human <=> environment emphasis in high school.
Margaret Turrin (mkt@Ideo.columbia.edu) Kim A. Kastens (kastens@I/deo.columbia.edu) place more emphasis on how humans effect the teaching the concept that individuals affect the environment. Green - heaviest human <=> environment emphasis in middle school.
| amont-Doh erty Earth Observat ory | amont-Doh erty Earth Observat ory an d environment than on how the environment affects humans. Red - heaviest human <=> environment emphasis in elementary school.
Department Of Earth & EnVI ronmental SCIenceS Of COI u m bla U n IverSIty >0 Each data point represents one state summed across K-12. >0 Each data point represents one state summed across K-12. All Environment <=> Humanity Interactions
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The Question: What We Did:

Environement Affects Humanity (# of bullets)
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Earth System Education as a System: | Since we haven't been able to answer this question merely by. reasoning from first pr.1n01ples, we take an empl.rlcal 'flpproach. GO}ng out to the > (I//}..'{,{{/)
"laboratory of democracy," we ask what has been the outcome with respect to this question of the 49 separate deliberative processes in the 49 states 5 5 o . © o i 100 - %’@
1 As systems thinkers engaged in Geoscience research, we are accustomed to think about Earth processes that have state educational standards? What guidance or directives are the states giving to their K-12 science teachers on this topic? 04 0 cbe 8o o880 oo o o 00 | . ‘ —
1n terms of reservoirs, fluxes and feedbacks. We can also think of Earth research and education itself as a 0 10 20 30 40 >0 Elementary Middle High
system of reservoirs linked by information flows. Humanity Affects Environment (# of bullets) Grade Range
Coding Scheme for Interactions between Humans and the Earth System
§ EsS[ An Example of Building Insight and Awareness Across the An Example Showing the Dominance of H = E (Blue): An Example of a state standard putting an environmental
S Grades: Florida. Delaware. focus where national standards had none: South Carolina.
(www.firn.edu/doe/curriculum/crscode/basic612/sci68.htm) www.doe.state.de.us/Standards/Science/Standardl. html (www.myschools.com/offices/cso/standards/science/default.cfm)
Curriculum Standard states or implies that Earth &
Materials / s E T AR T e el Strand D: Processes that Shape the Earth Standard 8: Ecology Grades 9-12
é:sa(fﬂiﬁfs humanity OR standard states or implies Grades.9-12 o IV, Physical Science (physics)
that humanity is dependent on natural Benchmark SC.D.2.1.1. The student understands that people Interaction of Humans within Ecosystems B. Conservation of Energy and the Increase in Disorder
Sensors D(?Lt y gﬁggﬁi‘iﬁi gggg‘r’iﬁfgf systems. » The standard refers to “humans,” “human » This category differs from the previous in influence the quality of life of those around them.
huﬁﬁ‘iﬁis) Observations in the Minds of in the Mindsg beings,” “humanity,” “society” or that it refers to actions or decisions made . : I 4. Everything tends to become less organized and less orderly
the Scientists A, of Learners e The standard refers to “humans,” “human “societal,” “people,” or “community,” and by individual adults or children in their Kindergarten - 1 over time. Thus, in all energy transfers, the overall effect is
N, [/ Knowledge & beings,” “humanity,” “society” or also mentions an object, phenomenon or private capacity in their daily lives (e.g. as a a [] that the energy 1s spread out uniformly. Examples are the
A [iﬁifﬁ?ﬂig “societal,” “economy,” “people,” process of the Earth or environment. they purchase, consume, conserve or - - -} transfer of energy from hotter to cooler objects by
of Teachers “community,” or “family” and also waste, dispose of). a a ] conduction, radiation, or convection and the warming of our
mentions an object, phenomenon or * Other words or phrases that imply . : ] surroundings when we burn fuels.
. process of the Earth or environment. humanity affecting the Earth and  The individual actions/decisions can be First -
environment in a positive way include good for environment (e.g. conserving > _ . ]
 Other key words that connote humans “preserve/protect/conserve [e.g. biological water, conserving energy) or bad for : : ]
being impacted by Earth processes diversity, natural resources],” “reduction environment (e.g. littering). : ]
include “damage” or “hazard.” of energy consumption,” “solve Second -
< environmental problems,” “management  The focus of this category is on actions or 5 5
" There is loss and distortion of information at every single arrow in this diagram. Humanity pushes o '§  Other key phrases that connote humans [of waste, of natural resources].” decisions that could be achieved by all or g - .
reducS that loss z,l,nd clistortion. Engineer”s begd tl}eir ingenuity to reducing loss and distortion at the arrow S f:foeunr(igj’g, fi;g;fgﬁhrzgﬂﬁi,,niggil + Other phrases and concepts that imply izztnit:uggﬂif;.elther now or when they [ 1 2.The ava%labili.ty of and access to natural resources shape the
from “The Earth to Sepsors & Senses. Sgenﬂsts struggle to extra.ct more complete and 1§ss distorted renewable resource.” “fossil fuel” humanity affecting the Earth and (] economic polices of society and form a basis for
un.de.:rs.tandmgs from thelr. data and observations. .Ins.truc:tlopal materlalos developers .and reviewers seek to environment in a negative or possibly + Actions or decisions taken by individuals Benchmark SC.D.2.2.1. The student knows that reusing, recycling, ] international trade agreements.
minimize loss and distortion at the arrow from 501ent1st§ minds to currlculum mate.:rlals. Educatlonal. « The standard mentions a specific natural negative way include “pollute” or in a professional capacity (e.g. farmer, and reducing the use of natural resources improves and protects the ] . Conclusions
researchers and, evaluators se.:ek to understafld agd ameliorate t,he .losses and distortions that occur during the resource (e.g. water) that humans use or “pollution,” “environmental impact [e.g. of scientist, government employee) are quality of life. - : : to satisty
steps irom curriculym material and teacher’s mind to students” minds. depend on, in a context where use by a technology],” “environmental categorized as HE rather than I2F, I the resource needs of successive generations.
humans is clearly implied. degradation,” “consequences of because these are not actions that will be Third U U e States vary Wldely 1 how much attention
] ] ] exploration and/or development of natural accessible to all or most students, even - _ U U : : : .
Beyond “K“OWledge & UnderStandlng in the Minds of Students”: » The standard mentions a specific human resources,” “depletion of ozone in the after they become adullts. : U U they think should be glvell, 11 SCICNCC
or societal use of a resource, e.g. atmosphere,” “global warming,” o class, to interactions between humans and
] The end goal of education 1s usually cast as the far right-hand reservoir of the flowchart: Knowledge “drinking,” “washing,” “irrigating.” “deforestation,” Fourth Hpps
and Understanding in the minds of learners. In geoscience education, though, one could envision an even - b natural Earth systems.
deeper goal, indicated by the feedback arrow going leftward across the diagram from the learners to the * This category refers to actions or decisions . b
Earth. We wish our students, as a consequence of their Geoscience education, to interact differently with of humanity acting collectively A U he 1 hasi 11 for 1
the Earth than they would have otherwise. We wish them to make wiser decisions about society’s (organizations, institutions, governments, . * The owest—emp asis states call Tor less
interactions with natural systems and take wiser actions in their own interactions with natural systems than communities, corporations, society as a glfth g 3. than one mention per year of any human-
they would have without their Geoscience education. whole). . _ . environment interac tiOIl, average d across
. - the K-12 years.
Who is ResponSIble for CIOSIHQ the LOOP? Benchmark SC.D.2.3.2. Knows the positive and negative ]
g g consequences of human action on the Earth'’s systems. O O ‘ N1
] We 1dentified professions that are taking responsibility for minimizing the loss of information at most of Examples of the Different Code categorleS: ! ! g 0 O ’ The overwhelmlng md) OI‘lty of state _
the arrows 1n the flowchart. But who does, or should, take responsibility for closing the feedback loop back Sixth [ science standards place morc emphams on
to impact on the Earth? Who 1s responsible for ensuring that knowledge and understanding in the minds of ] 0 [ _ than
students does, in fact, flow back to the Earth 1in the form better informed and more 1nsightful actions upon Yellow Code - E > H _ _ B
the Earth? . on how the environment affects humans.
1 To what extent does, or should, science education assume responsibility for shaping children’s own Nebraska . Delaware . Delaware . Eight .
interactions with natural systems, above and beyon d helping them construct accurate knowle dge and (www.nde.state.ne.us/ndestandards/sciencedrft.htm) (www.doe.state.de.us/Standards/Science/Standard1. html) (www.doe.state.de.us/Standards/Science/Standard1. html) R _ e ~ ® M an States thlnk that
}fl:e(ilegztcell{n;lsglg)g In other words, to what extent does, or should, science education contribute to closing the Grades 2.4 Standard § - Ecology Standard 2 - Materials and their Properties ] ' . I | I should be taught
jtjdinlzvyvfflel leie?jO[I{OZ;;hui’ggfi’mnding Grades K-3 - Changes in Environments Grades 4-5 - Material Technology Benchmark SC.D.2.4. The student understands the need for Stl;?‘l;:r-dsl'wlmnment neractiom Dutside fheseenee In science class vety little or not at all.
] The answer to this question 1s not self-evident, and it seems that thoughtful educators of good will could

of living things and environments. protection of natural systems on earth.

come to opposite conclusions. * Free-standing Technology Standard outside of Science standard:

Ninth through el . environmental costs of technology such asautomobile * Although research suggests that
L]

Identify characteristics of soils, minerals, ,
I 1. Understands the interconnectedness of the systems on earth

impact lifestyle choices, local economic
development, and politics. It's better to steer
clear of topics that could cause conflict with
parents or community leaders.

[] .
= consumer education teachers?
[]

The case for why science educators should NOT | | The case for why science educators SHOULD DS, watet, and the atmosphere. List (] _ 2 -De.g. ;soencl)lfstechnology for predicting frack of destructive env1ropm§ntal educatlop 1S most hkely o
take responsibility for ""closing the loop." take responsibility for "closing the loop." carth materials th?t are used by humans result in “1mpr0ved environmental
(e.g., marble - buildings, clay - pottery, : o ..
coal - heat). Standard § - Ecology - Free-standing Environment & Ecology standard outside of behaviors” when participants are younger,
 We are science teachers. Our limited time o If we don't do 1t, then who will? As Earth Science standard manv states load their coverace of
with these students 1s completely full, more Science educators, we probably have a better Grades K-3 - Changes in Environments | -e.g. impact of wetlands and watersheds on people y . . . £ .
than full, just trying to help them build a understanding of Earth processes and New York (www.emsc.nysed.gov/ciai) - e.g. impact of pesticides on ecosystems human-environment interactions into the
reasonably .accurate and complete phenomena than 99+ percegt of the people Grades 9-12 - Changes in Ecosystems Example of a Standard Linking All Three Elements of Human- hi gh S Ch 0 01 years
understanding of Earth processes and that our students will come in contact with, High School - The Living Environment Environment Interactions: Illinois. * Geography Standard '
phenomena. both as: young people anq as adults. If we (www.isb.state.il.us/ils/science/stage A/descriptor.htm) L] _
| | B don't sieze this opportunity to he.lp them learn 7.1b. Natural ecosystems provide an '] - e.g. characteristics of climates in different regions of the ¥e overage of human-environment
 Telling students that they or their families to act and choose in ways that will have a array of basic processes that affect Elementary School — Grades 1&2 ] [0 world and how they affect the lives of people who live . X .
should change their behavior is environmental minimum destructive impact on the Earth and b, Those proessses fmeldle, (i 12E. Students who meet the standard know and apply concepts that 0 O  there. interactions 1s scattered across the K-12
activism, not science. Once we start down the environment, the.n when and where are they are not limited to: maintenance of the describe the features and processes of earth and its resources. curriculum. not only in science class.
aCth.IS.t Pathway, we undermine our o going to learn this? quality of the atmosphere, generation of * Health Standard ’ r g
f:redlblht.y as a source of accurate, objective soils, control of the water cycle, removal ] 3. Apply scientific inquires or technological designs to classify | -e.g.avoiding environmental toxins, such as lead and mercury Does scattered I'GSpOIlSlblllty mean
information. of wastes, energy ﬂOW, and I'CCYClng of [] renewable and non-renewable natural resources, sorting ] -e.g. healthy human life depend on healthy environment, eVeryone IS responSIble? Or no One?
nutrients. . different examples of simple natural resources, I [J  clean water, clean air . :
 Students' families have widely varying N Should science educators be collaboratmg
opinions about environmental issues as they (] * Family & Consumer Education Standard: more with gco graphy, health, and
]

e Character Education Standard:

- “preservation of the environment”




