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In this session we describe the development of a learning progression from upper elementary through high school focusing on preparing students for environmentally responsible citizenship.  We organize this learning progression around three strands:

a. Carbon.  The role of carbon compounds in earth, living, and engineered systems, including carbon dioxide in the atmosphere, energy flow and carbon cycling in ecosystems, and fossil fuels in human energy and transportation systems

b. 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.

c. Diversity.  The diversity of living and engineered systems, including genetics and life cycles of individual organisms, evolutionary changes in populations, diversity in natural ecosystems and in human systems that produce food, fiber, and wood.

Individual papers report empirical research on students’ development of understanding in these strands, as well as environmental decision-making, assessment issues, and teachers’ environmental literacy.

Individual Paper Abstracts

Developing a Learning Progression for Environmental Science Citizenship

Beth Covitt, Blakely Tsurusaki, Charles W. Anderson

Today, all citizens need to be able to understand environmental issues and make informed environmental decisions. Although we hope that students will develop a fundamental understanding of environmental systems, it is not possible to address all aspects of these systems in the K-12 curriculum. Indeed, knowledge needed to make environmental decisions is, itself, constantly changing. Thus, the upper anchor of our environmental citizenship framework emphasizes development of the capacity for ongoing learning and use of science for decision-making. Building from this emphasis, we focus on three key citizenship practices including (1) deciding who to trust (i.e., evaluating the credibility of different sources), (2) deciding what to believe (i.e., deciding what counts as evidence of a valid argument), and (3) deciding what one should do (i.e., considering one’s scientific beliefs in conjunction with one’s personal values to decide what action or position to take). Although everyone engages in these practices to some extent, we propose that individuals who embody the upper anchor of an environmental science citizenship learning progression differ from others in that they use science as a critical tool in carrying out these practices. During Spring 2007, we conducted 21 interviews with grade 5-12 students. Six interviews engaged students in reasoning about environmental choices with respect to food and fifteen interviews engaged students in reasoning about an environmental issue involving the bottled water industry. We are using the data from these interviews to examine how students engage in the key practices described above. This examination can inform the creation of a progression of learning experiences to help K-12 students develop greater capacity to learn and use science effectively in environmental decision-making.

Developing a K-12 Learning Progression about Water in Environmental Systems

Kristin L. Gunckel, Beth A. Covitt, Hasan Abdel-Kareem, Rebecca Dudek, Charles W. Anderson
An important component of environmental science literacy is developing an understanding of the scientific principles and processes necessary to ensure sufficient water quantity and quality for humans and ecosystems. This paper presents work on developing a K-12 learning progression for the water cycle in coupled human and natural systems. Learning progressions are anchored on the upper end by connected understandings and on the lower end by students’ reasoning. Our upper anchor describes the structure of systems through which water flows (watersheds, groundwater, atmosphere, living, and human-engineered), the processes responsible for moving water and other matter through these systems, and the effects of change in these systems over time. The lower anchor is defined by students’ reasoning about water when they enter school. We administered assessments to students in grades 2-12 and conducted focused interviews with high school students. Results show that younger students’ reasoning about water focuses on their immediate, tangible experiences with water. As students gain more experiences and participate in school science instruction, they begin to account for more atomic/molecular scale and landscape scale processes. However, most students rely on school-science based narratives and few are able to use model-based reasoning to describe water moving through connected systems.

The Development of a K-12 Learning Progression for Diversity in Environmental Systems
Christopher D. Wilson, Josie Zesaguli, Blakely Tsurusaki, Brook Wilke, and Charles W. Anderson


Humans are having increasingly significant impacts on biological diversity in natural systems, via practices such as the introduction of invasive species, habitat fragmentation, and reducing the size of natural populations. We see an understanding of a) the systems in which diversity is present, b) the processes that conserve and transform information in and between systems, and c) the processes that result in the change in diversity over time, as being critical to scientific literacy, environmental literacy, and responsible citizenship. This research forms part of a larger study developing learning progressions toward environmental literacy, with the goal of integrating environmental literacy into the contemporary K-12 curriculum. We report here on how assessments and teaching experiments across the K-12 range have informed the development of a framework for a diversity learning progression. The resulting progress variables and learning performances are discussed with respect to environmental and scientific literacy.

K-12 Students’ Understanding of Connections between Human Engineered and Natural Environmental Systems

Blakely K. Tsurusaki and Charles W. Anderson


This research focuses on the human systems that supply all of our essential goods and services (i.e., food, water, transportation), which begin and end in the earth’s natural systems. In order to investigate what students know about how human actions affect environmental systems, we developed assessments focusing on supply and waste disposal chains. Some questions, given in the form of tables, asked students to trace the supply chain of products as far as they could back towards the product’s origins, or the waste disposal chain forward as far as they could for waste that they throw away. In addition, students were asked about two major environmental issues – global warming and preserving our forests. Assessments were administered to elementary, middle, and high school students from rural, suburban, and urban schools. A total of 412 assessments from 125 elementary school students (34 rural, 46 suburban, 45 urban), 140 middle school students (40 rural, 50 suburban, 50 urban), and 147 high school students (47 rural, 50 suburban, 50 urban) were analyzed. Results from this study provide insight into how student knowledge of connections between human-engineered and natural systems varies across grade level and context, which is essential if we are to teach students to be responsible citizens and stewards of our environment.

Developing progress variables and learning progressions for the Carbon Cycle 

Karen Draney and Mark Wilson


This project centers around the development of three progress variables to describe students' conceptions of the generation, transformation, and oxidation of carbon in ecological systems, and the coupling of natural and human energy systems.  These progress variables will be used to design and analyze assessment data (both embedded assessments and pretest-posttest) in teaching experiments and future research on learning in the Carbon Cycle and other studies of matter and energy in biogeochemical systems.


A progress variable is used to represent a cognitive theory of learning consistent with a developmental perspective. This is grounded in the principle that assessments be designed with a developmental view of student learning. This means that the underlying purpose of assessment is to determine how students are progressing from less expert to more expert in the domain of interest, rather than limiting the use of assessment to measure competence after learning activities have been completed. Generally, we want to describe a continuum of qualitatively different levels of knowledge from a relatively naïve to a more expert level.


We have named the three progress variables developed around the Carbon Cycle "Structure of Systems," "Tracing Matter," and "Tracing Energy."  We will describe the process we used to develop the hierarchies for our three progress variables, including:

· Analysis of student responses to individual items related to each progress variable.

· Selection of exemplar responses to represent each level of each progress variable.

· Multiple scoring of selected response sets, and group discussion to resolve any scoring discrepancies.


In addition, we hope to discuss analyses of data from a set of items relating to one of the progress variables, and administered to sets of students at the upper elementary, middle school, and high school level.  We will display empirical maps resulting from these analyses, and discuss how they relate to our theoretical progress variables, and what we can learn from them.
Developing a K-12 Learning Progression for Carbon Cycling in Coupled Human and Natural Systems.

Lindsey Mohan, Jing Chen, and Charles W. Anderson
This paper discusses students’ conceptions of the generation, transformation, and oxidation of carbon in ecological systems, and the coupling of natural and human energy systems. We collected assessment data from elementary, middle, and high school students and used student interviews to better understand how students explain the role of carbon in biochemical processes. Like other learning progressions, we used assessment data to develop potential upper and lower anchors for a carbon cycle learning progression and identified critical transitions in students’ understanding. An upper anchor understanding of carbon cycling is characterized by principled reasoning about processes related to the generation, transformation, and oxidization of carbon in systems (e.g., commitment to tracing matter through processes such as photosynthesis and cellular respiration). Students at this level reason about biochemical processes across multiple scales and identify and consistently trace materials in and out of various living and non-living systems. A lower anchor understanding of carbon cycling is less principled and students are constrained to explaining processes at a limited scale and using a limited number of materials. Implications of using the proposed carbon cycle learning progression to develop assessment items and curricula are discussed. 

The Effect of Content-Focused Professional Development on the Inclination and Ability of Middle and High School Teachers to Apply Fundamental Scientific Principles when Reasoning about Natural Systems 

Christopher Wilson and Lindsey Mohan

Research across the K-12 and undergraduate range indicates that students rarely apply fundamental scientific principles such as tracing matter when reasoning about processes in natural systems. This study was designed to assess how middle and high school teachers applied such principles, and how content-focused professional development could encourage more sophisticated reasoning about environmental systems. An intensive one-week course was developed and taught on three occasions to groups of teachers in three Midwestern cities. The courses focused on giving the teachers experiences quantifying invisible parts of systems, tracing matter through systems, and connecting a hierarchy of systems from the atomic/molecular level to the global scale. Test data showed a significant improvement in the teachers’ inclination and ability to use fundamental principles as constraints on processes, and greater sophistication in their descriptions of natural systems. Implications are discussed for the structure of the K-12 curriculum and the importance of systems-oriented reasoning.

Developing a Learning Progression for Energy in Environmental Systems

Hui Jin and Charles W. Anderson

This paper examines how students learn to use the scientific concept of energy to account for environmental events as they progress from elementary to high school. On the one side, energy concept is a conceptual tool scientists use to analyze critical environmental issues. On the other side, students intuitively construct many informal ideas of energy in their daily lives. Current K-12 teaching, with its focus on quantitative problem solving skills and its incoherent way of presenting energy in different disciplines, fails to provide effective facilitation for students. To facilitate students’ transition from informal thinking to scientific model-based reasoning, we developed a learning progression of energy with three parts. The upper anchor involves using fundamental energy principles to account for atomic/molecular processes, macro-scale events, and large-scale interactions among biological, physical, and human engineered systems. The lower anchor is defined by students’ informal concepts and reasoning when they enter schools. Middle levels describe students’ reasoning resulted from the encounter between their intuitions and current school science. Both lower anchor and middle levels were developed based on data collected from classroom assessments and clinical interviews with students from upper elementary to high schools. Our data indicate that, at lower anchor, students tend to account for environmental events in terms of human intentions and/or natural tendency. At middle levels, students begin to pay attention to the hidden mechanisms underlying the events, but they often develop causal expectations based on their embodied experiences. Current school science usually pays little attention to students’ causal expectations. As the result, students often construct misunderstandings of the energy principles learned in science classrooms. Based on the findings of our research, we suggest that effective teaching approaches should focus on the transition from middle levels towards the upper anchor.

