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Charles W. (Andy) Anderson and Lindsey Mohan

Michigan State University

I have been doing research on science teaching and learning for about 30 years now, and I have been involved in developing state and national standards and assessments for about 20 years.  It would seem obvious that the research should inform the practice, but my experience has been that these two strands of my career have remained largely separate.  I would like to explore some of the reasons for that separation, then consider ways that recent research on learning progressions might help us to bridge that gap.  So the first question to consider is this: Why is dialogue between researchers (including me) and developers (including me) so difficult?
Impediments to successful dialogue.  Here’s one hypothesis: Dialogue is difficult because developers and researchers work under different design constraints.  Curricula and large-scale assessment programs need frameworks that describe learning in broad domains over long periods of time.  They speak to a wide audience, and are expected to produce a product that will influence large-scale assessment and curriculum development. In practice, this means that standards are generally written by relatively large committees that include representatives of different stakeholder groups and people with expertise in different subject-matter domains.  It seems almost inevitable to me that standards developed by such committees will have some important characteristics, including the following:

· Breadth over depth (lack of clear priorities).  Standards are expected to survey the field, identifying the most important ideas that students should learn in science, and when they should learn them. There is always a tendency during the development process to defer to the experts in a particular domain for judgments about what is important in their domain.  While this is sensible, it is also a very conservative strategy.  It tends to reproduce the curricula that the experts are familiar with rather than engaging fundamental questions about the goals of school science.
· Broad language, accessible to many. Standards developers are expected to produce a product for a wide audiences, but especially for large-scale assessment and curriculum developers. Because the members of the committees lack a shared technical language for describing scientific knowledge and practice, and because they are writing for audiences that also lack a shared technical language, standards tend to be written in a sort of non-technical language that is accessible to readers, but subject to many different interpretations. 
· Linear approach. Standards are used to inform assessment development and curricula development, but there is not a systematic or timely procedure for using data from classrooms to revise the standards. 
· Organized to Index. The standards are written so that relevant information can be found by indexing a topic, which is organized by the traditional domains (or disciplines) of science. The list-like structure allows users to locate what they need quickly, but the structure does not draw useful (and necessary) connections between concepts (especially those that belong in different disciplines of science).
· Lack of empirical validation.  The committees that write the standards have members with diverse backgrounds and ample experience. Some of these members may be science education researchers themselves. The members use their own knowledge and experience to justify decisions about standards, but standards are not systematically vetted against current research or validated by research after they are developed.  
Characteristics of Learning Progressions. Like the development of standards, learning progression work can also be described using parallel, but different characteristics (see Figure 1)
Figure 1: Characteristics of learning progressions and standards
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· Depth over breadth. Learning progressions work includes a range of depth and breadth—there are studies that show the development of very specific concepts over a short period of time, and there are studies that show the development of broad content knowledge and practice over a longer age span.
· Technical language. Work on learning progressions requires the use of carefully defined technical language, that is often only understood by a few. There is not a shared technical language among learning progression researchers. Moreover, the language is even less accessible to individuals outside the learning progression community.
· Iterative approach. Learning progression work relies on iterative, design-based work. An initial framework is developed, used to inform the design of assessments and curriculum, then revised based on data from classrooms. Through multiple iterations the learning progression more accurately captures the reality of the classroom, however, the iterative is time intensive.
· Specific theoretical framework. Learning progressions seek conceptual coherence—that is they need to “make sense” and highlight the important connections among concepts and practices that are sometimes are overlooked. 
· Empirical data driven. With the iterative approach to development, learning progressions rely on empirical data from classrooms. Researchers seek to “ground-truth” their claims about students in data from real students. But what empirical data do we need?
So it isn’t entirely clear how learning progression research could be used to validate standards.  One problem concerns scale.  Researchers seek to develop knowledge claims that are theoretically coherent and empirically grounded.  In general researchers have been able to achieve theoretical coherence and empirical grounding only for studies of learning over relatively short time spans (usually a year or less) in narrow subject-matter domains. 

There are also problems with the form of research findings.  Standards developers want their standards to reflect what students could understand, not just what they do understand now.  Rather than producing clear findings about what students of a certain age are capable of understanding, however, the research tends to produce existence proofs and contingencies.  A typical teaching experiment, for example, may show that a population of eighth graders can learn important concepts and practices (the existence proof), but only in certain circumstances—appropriate background knowledge, teaching techniques, time devoted to instruction, etc. (the contingencies).  
Faced with a confusing welter of small-scale and short-term studies, developers have understandably based their frameworks primarily on logic and on the experience of the developers.

The learning progression hypothesis.  Recent research on learning progressions has been motivated by guarded optimism that we may be ready to bridge the gap—to develop larger-scale frameworks that meet research-based standards for theoretical and empirical validation.  We call the idea that this is possible the learning progression hypothesis.
The learning progression hypothesis suggests that that although the development of scientific knowledge is culturally embedded and not developmentally inevitable, there are patterns in the development of students’ knowledge and practice that are both conceptually coherent and empirically verifiable.  Through an iterative process of design-based research, moving back and forth between the development of frameworks and empirical studies of students’ reasoning and learning, we can develop research-based resources that can describe those patterns in ways that are applicable to the tasks of improving standards, curricula, and assessments.  

In its general form, the learning progression hypothesis is just a notion about what might be possible.  It can be tested only through specifics; we can try to develop actual research-based learning progressions as existence proofs.  
Decisions about compromise. Issues between researchers and standards developers usually arise because of differences in audiences and projected uses—Learning progressions work involves researchers talking mostly with other researchers, with the ultimate goal of knowledge building. The development of standards is composed of committee with diverse backgrounds producing a product aimed for large-scale assessment and curriculum developers. While standards lack the necessary specificity for researchers, science education research (including some learning progressions work) lack the large-scale frameworks needed by standards, assessments, and curriculum developers.

Standards developers have important needs that learning progressions researchers must recognize. Researchers may not always be able to meet developers needs while simultaneously meeting our own needs for high quality research. But it is important for researchers to identify compromises—areas where we can improve our work to provide standards developers with useful products. 

Empirical validation and teaching experiments. The work on learning progressions is just emerging. Researchers are currently seeking common ground, but the diversity among the learning progressions work highlights how difficult it may be to produce the large-scale frameworks that standards developers need. We contrast two approaches to learning progressions to make our point—the broad survey orientation and the specific instructional orientation.

Both approaches believe in “ground-truthing” knowledge claims using data from real students in real classrooms. Both approaches also use an iterative approach, where the frameworks, assessments, and teaching materials are continually negotiated and revised based on empirical data.  Laurel Hartley, an ecologist who is participating in our learning progressions work, points out parallels between this process and ecological model-building.  

[We can make] parallels between a learning progression and an ecological model.  The steps seem very much the same in that 1) you start with some initial information and you create a framework or model that you think is an accurate representation of how things really are, 2) then you make predictions based on your model and you "ground-truth" those predictions by seeing if what your model predicts is what happens in actuality, 3) then you use that new information about how well your model worked to further refine the parameters of your model, 4) then you ground-truth and adjust parameters again and again until your model becomes a satisfactory representation of reality.  In ecology, you can use a good model to predict future events before they happen or to generate reliable approximations about a system without having to take a ton of expensive, time-consuming field measurements.  In science education, a good model can help teachers predict the development of their students' understanding over time and it can help a curriculum writer or assessor to create developmentally appropriate material in a more efficient way. (Hartley, personal communication, 2/14/08)

The learning progression hypothesis suggests that, as Dr. Hartley argues, a good model can be a powerful thing in education as well as in ecology.  We can’t create good models, though, just by developing conceptually coherent frameworks and using them.  The model gains both power and validity through “ground-truthing”—the painstaking process of empirical validation. 
The Environmental Science Literacy learning progressions represent and example of broad survey orientation (see Mohan, Chen, & Anderson (in press)). We “ground-truthed” our claims using written assessment and interview data (after three cycles of framework and assessment revision). We used data from classrooms receiving little to no instructional intervention. What emerged from our work was a learning progression grounded in data from real students, reflecting the development of knowledge and practice in “status-quo teaching” environments. After several years of documenting the learning progression in multiple contexts, we concluded that this progression was ineffective at supporting progress toward Upper Anchor reasoning. We also concluded that this trajectory was more the norm than the exception. We are using this trajectory to help develop teaching experiments that we hope will support a more effective and desirable trajectory.

Learning progressions researchers taking a specific instructional orientation can justifiably criticize our work because we have failed to describe the instructional conditions that resulted in the observed trajectory. Leona Schauble and her colleagues would argue that learning progressions are not only about students’ learning, but also about the instructional interventions that support (or hinder) progress. In an exchange with Dr. Schauble, she explained that, “a learning progression is not something that capitalizes on the usual patterns of children's thinking (under no particular conditions of instruction). Instead, to me, it illuminates the usual patterns of children's thinking UNDER CAREFULLY DESCRIBED CONDITIONS OF INSTRUCTION. In other words, the theory of learning must include an account of the means by which learning is supported.” 

This brings us back to the discussion of existence proofs and contingencies. While teaching experiments are a potentially powerful way to ground-truth learning progressions, will the contingencies that inevitably come with instructional interventions prevent learning progressions from being useful to standards developers? While we can agree that empirical validation is necessary for learning progressions work, to what extent must this occur to make progressions usable on the large-scale?

Take for example, the broad survey orientation that we have conducted over the last few years on the Environmental Science Literacy project. We have documented a learning progression that says a lot about students’ starting knowledge, and a trajectory that is already occurring in schools. We also have proposed an initial framework for a more desirable learning trajectory that we are now testing through teaching experiments (see Figure 2). At what point does our work—frameworks, assessments, materials—become useful to standards development? 

Figure 2: Conventional and Desirable Learning Trajectories (from Jin, 2009)
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Conclusions.  So the questions of how learning progressions research can inform the development of standards still remain.  There are clearly ways in which learning progressions researchers will influence standards only if we figure out how to make our work more accessible and useful.  In particular, we need to find ways to develop learning progressions in broad content domains over substantial age ranges.  We also need to make progress toward a shared technical language to describe learning, and to find ways to make the core ideas we express in that language accessible to the broader groups of educators who work together on standards.  

Underlying issues of shared technical language there are deeper issues about how to develop curricular frameworks that are both conceptually coherent and broadly understood.  These are issues on which learning progressions researchers and standards developers could profitably work together, though they would require us to bring to the surface and discuss our assumptions about the nature of science and how people learn. 

Perhaps our best opportunities for truly productive dialogue between researchers and developers can be found in Laurel Hartley’s “ground-truthing”—the process of empirical validation.  A conceptually coherent framework is an important step as the first draft of a learning progression.  If researchers and developers can use that framework to develop assessments and teaching experiments, then use the results of those assessments and teaching experiments to revise the framework, then we will be on our way to “ground-truthed” models that can guide practice in new and more powerful ways.
Empirical validation, though, cannot resolve a fundamental dilemma that affects both standards developers and learning progressions researchers—the tension between what is and what could be.  This tension is apparent in the standards development process: To what extent should standards be tied to what students are learning now, and to what extent should they express our aspirations—what students should or could be learning?  

The same tension is apparent in the dialogue between learning progressions researchers taking broad survey and specific instructional approaches.  This is in part a dialogue about different versions of the learning progression hypothesis: Researchers taking specific instructional approaches tend to advocate more strongly for the plasticity of student learning—to say that student learning is always contingent on instruction, and that existence proofs can show us the way to more powerful learning.  Researchers taking the broad survey approach tend to be less optimistic about the plasticity, if not of students, of our cultures and educational systems.

So learning progressions research will never prescribe standards, which are expressions of our goals and values, and differences in goals and values will continue to affect both learning progressions research and standards development.  Empirical validation, though, can both enrich and constrain the discussion, so we have reason to believe that dialogue between learning progressions research and standards development can enrich both processes.  
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