
Overview: Learning Progressions that Connect 
Science Practices, Crosscutting Concepts, and 

Disciplinary Core Ideas  
 Related Paper Set Presented at the Annual Meeting of the National Association for 

Research in Science Teaching, Pittsburgh, April 2, 2014 

 
Website: http://edr1.educ.msu.edu/EnvironmentalLit/index.htm 

Presenter
Presentation Notes
Welcome to our session

http://edr1.educ.msu.edu/EnvironmentalLit/index.htm


Thanks to Funders 

This research is supported in part by grants from the National 
Science Foundation: Learning Progression on Carbon-
Transforming Processes in Socio-Ecological Systems (NSF 
0815993), and Targeted Partnership: Culturally relevant ecology, 
learning progressions and environmental literacy (NSF-
0832173), CCE: A Learning Progression-based System for 
Promoting Understanding of Carbon-transforming Processes 
(DRL 1020187), and Tools for Reasoning about Water in Socio-
ecological Systems (DRL-1020176).  Additional support comes 
from the Great Lakes Bioenergy Research Center.  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 
or the United States Department of Energy 
 



Thanks to Contributors to this 
Research 

• Jennifer Doherty, Hannah Miller, Staci Sharp, Allison 
Freed, Wendy Johnson, Elizabeth Xeng de los Santos, 
Sarah Stapleton, Joyce Parker, Jane Rice, Kathryn 
Oleszkowicz, Liz Thompkins, Melissa Janos, Caitlin 
Mack, Carly Atkinson, Cara Morrison, Emily Scott 
Michigan State University 

• Jenny Dauer, University of Nebraska, Lincoln 
• RET’s: Marcia Angle, Lawton Schools, Rebecca 

Drayton, Gobles Schools, Cheryl Hach, Kalamazoo 
Math & Science Center, Liz Ratashak, Vicksburg 
Schools, Debi Kilmartin, Gull Lake Schools 

• Mark Wilson, Karen Draney, Jinnie Choi, HyoJeong 
Shin, and Jinho Kim at the Berkeley Evaluation and 
Assessment Research Center 

Presenter
Presentation Notes
I want to thank the many people who have contributed to this research, and I’m open for questions. 



Definitions 

• Environmental science literacy is the 
capacity to understand and participate in 
evidence-based discussions of socio-
ecological systems. 

• Learning progressions are descriptions of 
increasingly sophisticated ways of thinking 
about or understanding a topic  
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These two basic definitions inform all of our workI will elaborate on each



Defining Environmental Science Literacy: 
Processes in Socio-ecological Systems  

Presenter
Presentation Notes
This is an important part of our definition of environmental science literacy--what we call the loop diagram. Figure 1 on the handout �You will see strand-specific versions of the loop diagram on several of the posters.Students need to connect human social and economic systems—the left-hand box—with environmental systemsNote that the science curriculum is in the right-hand boxWe’re generally focused on the right-hand boxEnvironmental science literacy means understanding the right-hand box well enough to connect it with the arrows



Strands of Environmental Science Literacy 

• Carbon. Carbon-transforming processes in socio-
ecological systems at multiple scales, including cellular 
and organismal metabolism, ecosystem energetics and 
carbon cycling, carbon sequestration, and combustion of 
fossil fuels.   

• Water.  The role of water and substances carried by 
water in earth, living, and engineered systems, including 
the atmosphere, surface water and ice, ground water, 
human water systems, and water in living systems. 

• Biodiversity.  The diversity of living systems, including 
variability among individuals in population, evolutionary 
changes in populations, diversity in natural ecosystems 
and in human systems that produce food, fiber, and 
wood. 

Presenter
Presentation Notes
We have worked in 3 strands:Kristin talked about water earlier this morningMy main emphasis will be on carbon.





NGSS Focus for this Work 

• Three key practices: interpreting and analyzing data, 
engaging in arguments from evidence, and 
constructing explanations.  

• Two crosscutting concepts: systems and system 
models, and energy and matter: flows cycles, and 
conservation. 

• Disciplinary core ideas in the life sciences (LS 1: From 
molecules to organisms: Structures and processes; LS 
2: Ecosystems: Interactions, energy, and dynamics), 
Earth sciences (ESS 2: Earth’s systems; ESS 3: Earth 
and human activity), and physical sciences (PS 1: 
Matter and its interactions; PS 3: Energy) 



Learning Progressions Include: 

• A learning progression framework, 
describing levels of achievement for students 
learning (Model of cognition) 

• Assessment tools that reveal students’ 
reasoning: written assessments and clinical 
interviews (Observation and interpretation) 

• Teaching tools and strategies that help 
students make transitions from one level to 
the next (Empirical validation) 

Presenter
Presentation Notes
All the people doing research on learning progressions have not fully agreed on what a learning progression consists of, but here are three parts that I will talk about:SLIDE



What Progresses? 

• Discourse: “a socially accepted 
association among ways of using 
language, of thinking, and of acting that 
can be used to identify oneself as a 
member of a socially meaningful group” 
(Gee, 1991, p. 3)  

• Practices: inquiry, accounts, citizenship  
• Knowledge of processes in human and 

environmental systems 
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A core question for any learning progression is “what is the learning that progresses?”In the past year we have settled on a 3-part answer to that question: Discourse, practices, and knowledgeI’ll talk briefly about each



Learning Progression Levels of Achievement 
for Carbon Accounts 

Level 4: Coherent scientific accounts: Students successfully trace 
matter and energy through carbon-transforming processes at 
multiple scales in space and time (generally consistent with 
current national science education standards and with the draft 
framework for new standards).  

Level 3: Incomplete or confused scientific accounts: Students show 
awareness of important scientific principles and of models at 
smaller and larger scales, but they have difficulty connecting 
accounts at different scales and applying principles consistently. 

Level 2: Elaborated force-dynamic accounts: Students’ accounts 
continue to focus on actors, enablers, and natural tendencies of 
inanimate materials, but they add detail and complexity, 
especially at larger and smaller scales.  

Level 1: Simple force-dynamic accounts: focus on actors, enablers, 
and natural tendencies of inanimate materials, using relatively 
short time frames and macroscopic scale phenomena.  

Presenter
Presentation Notes
Our research has focused on developing detailed descriptions of these levels of achievement.  Here are the descriptions in very broad terms.SLIDE



Levels 1 and 2: Actors Using Enablers 
to Accomplish Purposes 

12 



Level 3: Nutrient and O2-CO2 
Cycles 



Level 4: Carbon Cycling and Energy 
Flow 

Presenter
Presentation Notes
Here’s another version of the loop diagram, our Upper Anchor:Matter cycles in Earth systems—green arrows.  Note that the carbon cycle takes carbon atoms out of and back into the atmosphere.Energy flows—red arrows.  Note that energy and matter are not interconverted and are never the same.



Data Sources 

Type of Data Baseline 
Data 

Pre-
assessments 

Post-
assessments 

Papers in 
this set 

Cohort 1 
written 
assessments 

661 474 939 

Cohort 2 
written 
assessments 

184 550 983 

Cohort 2 
interviews 

  25 25 1, 2 

Large-scale 
interviews 

30 3 

Sustainability 
interviews 

33 4 
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We use a variety of data sources in these presentations.  The first two papers make use of clinical interviews.  



Carbon TIME Curriculum (available on 
National Geographic Website, 2015) 

Powers of 10 
Combustion 

Photosynthesis 
Biosynthesis 

Cellular respiration 

Digestion  
Biosynthesis 

Cellular respiration 
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We are working with National Geographic and the Seattle Public Schools to develop a series of 6 units focusing on carbon cycling at atomic-molecular, macroscopic, ecosystem, and global scales.These units are SLIDE.



Carbon TIME Curriculum, cont.  

All processes except 
combustion in 
ecosystems 

Combustion of fossil 
fuels for energy 

Digestion 
Biosynthesis  

Cellular respiration 
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Percentages of Level 4 
Responses 

18 

Blue: Comparison groups: Middle school, high school, college science majors 
Red: Carbon TIME middle school: baseline, pre, post 
Green: Carbon TIME high school: baseline, pre, post 



IRT-based Analyses of Cohorts 1 
and 2 

19 



Presentations in this Session 
Paper 1: Learning trajectories of Principle-Oriented Level 3 and 

Fact-Oriented Level 3 science learners, by Hannah Miller, 
Allison Freed, Jenny Dauer, Jennifer Doherty, and Charles W. 
Anderson 

Paper 2: Relationships between students’ inquiry and 
application practices for carbon-transforming processes, by 
Allison Freed, Jenny Dauer, Hannah Miller, and Charles W. 
Anderson 

Paper 3: Connecting macroscopic-scale and large-scale inquiry 
practices, by Jenny Dauer, Allison Freed, and Charles W. 
Anderson 

Paper 4: Students’ ideas about sustainability for agricultural 
production systems, by Elizabeth Xeng de los Santos, Sarah 
Stapleton, and Charles W. Anderson  
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Here is the general plan for the session



Paper 1: What components of Level 3 
reasoning help students advance to Level 4? 

Level 4: Coherent scientific accounts: Students successfully trace 
matter and energy through carbon-transforming processes at 
multiple scales in space and time (generally consistent with 
current national science education standards and with the draft 
framework for new standards).  

Level 3: Incomplete or confused scientific accounts: Students show 
awareness of important scientific principles and of models at 
smaller and larger scales, but they have difficulty connecting 
accounts at different scales and applying principles consistently. 

Level 2: Elaborated force-dynamic accounts: Students’ accounts 
continue to focus on actors, enablers, and natural tendencies of 
inanimate materials, but they add detail and complexity, 
especially at larger and smaller scales.  

Level 1: Simple force-dynamic accounts: focus on actors, enablers, 
and natural tendencies of inanimate materials, using relatively 
short time frames and macroscopic scale phenomena.  

Presenter
Presentation Notes
Our research has focused on developing detailed descriptions of these levels of achievement.  Here are the descriptions in very broad terms.SLIDE



Paper 2: Relationship between inquiry  
and application practices 



Paper 3: Investigating students’ reasoning 
about large-scale data and climate change 

Presenter
Presentation Notes
Keeling Curve– famously used as self-evident evidence for human caused global climate change. Artic Ice– important evidence of GCC and increasing global temperatures. Drought– overall predicted to occur with more frequency in some regions– a single event like 2012 may or may not be evidence of GCC,In our classes we would want students to use these graphs and data to: Interpreting and analyzing data as evidence that CO2 in the atmosphere has increased over the last 50 years, and has impacted thermal energy and global temperature.Constructing explanations about the reason for the overall trend (combustion) and the reason for the annual cycle (PS in the summer in the N hemis)Engaging in arguments from evidence about the best way to mitigate CO2 emissions by tracing to the source of CO2.



Paper 4: Students’ reasoning about 
sustainability 

Environmental 

Economic Social 

Presenter
Presentation Notes
Cite GLBRC here? For example…
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