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Abstract:  This paper will focus on modeling perspectives on learning and problem solving; and, it will give focus on the mathematical topic of data modeling.  The goal will be to illustrate the following trends in the learning sciences. …  Mathematical Knowledge is:
· Focused on SEEING as much as on DOING.

· Situated yet Transferable:

· Socially Shared & Shaped: 

· Inherently Connected:

· Systemic/Emergent:

· Distributed – and Expressed or Embodied using a Variety of External Media

· Infrastructural:

· Not just Logical & Mathematical in Nature:

· Often Tacit:

· Generally Piecemeal (both Undifferentiated and Unintegrated) and Unstable.

· Often Characterized by Complex Adaptive Systems:

· Continually Developing in Non-Linear Ways along a Variety of Interacting Dimensions:
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Expanded Abstract:  In Indiana’s State Curriculum Standards for Grade 7 (for example), “problem solving” is listed as stand 7, following six other standards focusing on number sense, computation, algebra and functions, geometry, measurement, and data analysis and probability; and, woven throughout these standards, students also are to develop the following (categories of) learning skills: communication, reasoning and proof, representation, reasoning and proof, representation, and connections.  Finally, because all of these standards and learning skills are really just names for large categories of specific things students are expected to be able to do, a list of 4-10 types of tasks is given for each standard.  But unfortunately, only a subset of the preceding tasks lend themselves to the formats required by the state’s standardized test, and strong pressures are exerted on teachers to teach to the standardized test.  Furthermore, for any given state standard, the tasks that are listed ignore most of the broader goals of instruction that were referred to as learning skills; and, this emphasis on a narrow and shallow range of tasks becomes even more restricting because redundancies are high from standards for one grade to the next. In fact, if we compare these learning skills and tasks that are described in Indiana’s State Curriculum Standards to well known lists such as those described in Bloom’s Taxonomy of Educational Objectives, we find that only a small subset of Bloom’s objectives are represented in Indiana’s lists; and again, these omissions become even more significant when we recognize that Bloom’s Taxonomy itself was developed during the hayday of behavioral psychology, long before the emergence of modern cognitive theories which have revolutionized learning scientist’s understandings of what it means for students to “understand” the most important “big ideas” in the K-16 mathematics curriculum. So, the conceptions of thinking and learning that are embodied in Indiana’s Standards appear to be based largely on machine metaphors which assumed that teachers should teach children similarly to the way programmers program a computer – by linking together small routines to form larger routines.  

The preceding bleak descriptions can be applied to most curriculum standards documents that have been developed in the past quarter of a century; and, it surely is “old news” to Such views are exceedingly out-of-step with the following modern trends in the learning sciences.

This paper will focus on modeling perspectives on learning and problem solving; and, it will give focus on the mathematical topic of data modeling.  The goal will be to illustrate the following trends in the learning sciences. 
· Knowledge is Focused on SEEING as much as on DOING.

· In virtually every area of learning or problem solving where researchers have investigated differences between effective and ineffective learners or problem solvers (e.g., between experts and novices), results have shown that the most effective people not only do things differently, but they also see (or interpret) things differently.

· Even the “process objectives” (and problem solving strategies) that we develop often are descriptive instead of prescriptive in nature – and are integral parts of the interpretation systems that we develop.

· Knowledge is Situated yet Transferable:

· Knowledge is organized around experience at least as much as it is organized around abstractions.

· Even though models (and underlying conceptual systems) are shaped by the situations in which they are developed, they are like other types of conceptual tools in the sense that they generally are not worth developing unless they are intended to be used more than a single time and in more than a single situation.  So, in general, they are not just powerful (in a specific situation) but they also are designed to be sharable (with others) and reuseable (in other situations) – which means that they are transferable.

· Knowledge is Socially Shared & Shaped: 

· In the 21st century, where countries have knowledge economies, where companies involve learning organizations, and where learners and problem solvers may consist of teams of diverse specialists, it is naïve to imagine that thinking goes on exclusively within the minds of isolated individuals.  
· The nature of knowledge development is influenced by the fruits as well as by the roots of ideas and feelings – and by sociocultural constraints and affordances related to the availability of capability enhancing tools.

· Knowledge is Inherently Connected:

· Realistically complex problem solving situations often involve more than a single actor; and, the decisions that need to be made often involve trade-offs (such as low costs & high quality).  So, productive ways of thinking usually need to integrate ideas and abilities drawn from a variety of textbook topic areas.

· Rather than being learned in isolation and then connected, many ideas are learned as parts of models that draw on multiple theories (and textbook topic areas) – and are only later differentiated and sorted out.

· Knowledge is Systemic/Emergent:

· Many of the most important things that need to be understood and explained are complex adaptive systems whose most obvious distinguishing characteristics are that they involve emergent properties of the systems-as-a-whole - which cannot be explained using only a single function (or input-output rule).

· Knowledge is Distributed – and Expressed or Embodied using a Variety of External Media

· In the 21st century, our abilities to store, retrieve, manipulate, and use information is continually being off-loaded using tools ranging from spell checkers to internet based search engines; and, the conceptual tools that we develop at shaped as much by our continually evolving purposes as by currently existing artifacts or events.

· Knowledge is Infrastructural:

· Conceptual tools (and expressive media) that humans develop are not just neutral carriers of thought; nor are they neutral descriptions of experiences.  They induce significant changes on thinking that evolves, and they also structure the situations that we need to understand and explain. In other words, they are infrastructural!  … The same conceptual systems that we develop to understand the world are also used to mold and shape that world; and, as soon as we understand a situation, we tend to change it; and, as soon as a conceptual system is expressed, it changes.

· Knowledge is Not just Logical & Mathematical in Nature:

· When we interpret situations, we don’t simply engage models that are purely logical and mathematical in nature.  They also involve feelings, values, and a variety of metacognitive capabilities.

· Knowledge is Often Tacit:

· The conceptual systems that we develop to interpret experiences often are more like windows that we look through than objects that we look at.  So, we can think WITH them without necessarily thinking ABOUT them; and, in fact, when people need to develop abilities that involve smoothly functioning complex systems, it often is debilitating to think about these system formally and analytically.

· Knowledge is Generally Piecemeal (both Undifferentiated and Unintegrated) and Unstable.

· Regardless whether the “problem solver” is an isolated individual or a group, solutions to model-eliciting activities tend to involve communities of competing conceptual systems; and, conceptual evolutions tend to occur best when Darwinian factors such as diversity, selection, propagation, and conservation come into play.  Thus, we go beyond emphasizing the mind in society (and the mind of society) to also emphasize societies of mind.
· Knowledge is Often Characterized by Complex Adaptive Systems:

· When we develop models of students’ modeling abilities, it has become necessary to move beyond machine-based metaphors (hardware), and beyond computer-age metaphors (software), toward metaphors grounded in an age of biotechnologies (wetware) and complex adaptive systems – where “agents” within systems often are living organisms which governed by wetware which obeys logics that are distributed, multi-media, and fuzzy (rather than being characterized by simple, linearly combined or concatenated rules or declarative statements).  Thus, knowledge development is considered to be less like the construction of a machine or a computer program, and more like the evolution of a community of living, adapting, and continually evolving biological systems. 
· Knowledge is Continually Developing in Non-Linear Ways along a Variety of Interacting Dimensions:
· During model-development activities, conceptual systems typically develop along a variety of interacting dimensions: concrete-abstract, intuitions-formalizations, holistic-analytic, external-internal, simple-complex, situated-decontextualized, unstable-stable, and so on.  But, the most appropriate model is not necessarily the one that is most abstract, most formal, most complex, most analytic, or most decontextualized; and, develop seldom occurs along linear paths. … Conceptual evolution tends to involve differentiation, integration, adaptation, and elaboration; and, final ways of thinking usually can trace their heritage to a variety of conceptual ancestors.
