Conditions under which children and adults learn differently

Thee are surprisingly few studies on the effects of having students learn by teaching. Bransford (86) focuses on computer teachable agents to answer the basic questions of “what are the cognitive and motivational advantages of learning by teaching and how can these be incorporated into technological environments.  This supports more basic research by Bransford and Schwartz on transfer.  Kafai found that when students’ learning of science is connected with the design of software, learning is enhanced in both categories.  This was particularly true when 4th and 5th grade students “taught” design to younger students.

In general, technology can provide a new environment that allows not only deeper learning but also sometimes new learning.  Several researchers are looking at how computer representation of scientific phenomena help students develop better mental models and better scientific reasoning.  Bienkowski for example is focusing on the kinds of representational features, rhetorical supports and various prompts that support student discourse in genetics. In a similar vein, Shank suggests that the more versatile and visual the representational modes of representing ideas, the more powerful the underlying representation. Dede (96) is studying how multi-user virtual environments that use digitized museum resources can enhance middle school students’ motivation and learning.

 Chinn reports that most science textbooks present science in an almost strictly declarative manner that is distinct from the inquiry context in which most scientists function.  He further reports (as does Aschbacher) that youngsters exposed to authentic experimentation (using criteria that his research has broadened over the past year) acquire a greater and more sustained proficiency in scientific inquiry (capacity to respond to anomalous data, to change hypotheses or shift theories, to understand scientific evidence and distinguish it from theory, etc.).

Wineberg (196) suggests that we need to understand the nature of argumentation and proof in the various sciences and help students integrate these.

Lee (54) and her colleagues have found that students from linguistically diverse backgrounds often need more explicit instruction in the nature of science, but once they have this can learn at very high standards.

Lewis (130) and Fernandez (103) Teachers are also learners. NSF has several projects on this area but two that focus on the Japanese study lessons are particularly interesting. 

Children can learn deeper, quicker and better

TIMSS-R  (153) High achievement is possible

Several studies show that students can learn deep mathematical concepts at an earlier age in a more integrated way.  Kaput's mathematics of variation and hand-held technology tools enables "average" middle school youngsters to internalize and manipulate sophisticated "notions of motion" previously entered through analytic calculus constructs like infinitesimal or integrals.  Carraher (algebra) shows that children as young as 10 can understand algebraic relationships.    Maher has shown that students in poor urban areas can develop deep problem solving and proof-development strategies Cobb et al are studying how technology intensive classes can help 7th graders develop both the big ideas of statistical distribution and of the ability to produce databased arguments.  Schauble (166) has shown that students can learn deep concepts of distribution without much technology.  But she and her colleagues have found the importance of sustained and prolonged exposure to modeling and inquiry to the process of internalizing these skills.

In science, Metz (141) has shown that children in first grade can conduct careful scientific investigations if they are provided with the appropriate support.  Scientific. Grotzer’s work on causality involves demystifying among eighth graders difficult misconceptions about physics that often characterize more advanced science students
Assessment

In a recent article, Lorie Shepherd called for a broader assessment frame, trying to link assessment to constructivist ideas. "We take for granted that providing feedback to the learner about performance will lead to self-correction and improvement. For the most part, however, the existing literature on feedback will be of limited value to us in reconceptualizing assessment from a constructivist perspective, because the great majority of existing studies are based on behaviorist assumptions."  NSF has a number of projects aimed as understanding the nature of existing tests, designing new ones, applying and using technology to enhance the types of tests.

Two projects are aimed at understanding what the tests are really all about and what are the demands on students. Quellmalz (24) is concerned with the cognitive and content demands of our TIMSS and national tests such as National Assessment of Educational Progress.  They are interviewing students on the reasoning they use in answering extended response and multiple-choice tests.  One interesting finding is that extended response does not necessarily require higher cognitive skills than multiple choice tests. 

Nelson-Barber is using similar methods to look at the cultural validity of tests and the ways in which language and the language translation affect the demands on students.

As part of a commitment to international studies NSF is a major supporter of TIMSS.  NSF has supported several activities including a review of items by experts in science and mathematics who found that in general the items measured good science and mathematics, although they would have liked more complex questions.  For the study in 2003, NSF is supporting the development of a new framework and of new questions that are more of extended response type format.

Perhaps one of the most fascinating studies is being done by Hunt and Minstrell. (122) By analyzing patterns of answers in tests, they hope to identify patterns in why students are not getting correct answers on State tests.  The project is WEB based.

The National Academy of Science has just published, “Knowing What Students Know” by Pellegrino and Glaser.  While it would be impossible to summarize the book in a few moments, they did develop an interesting model that they think underlies all assessments:

· A model of student cognition

· A set of beliefs about the kinds of observations that will provide evidence of students’ competencies

· An interpretation process for making sense of the evidence.

Zollman (241) Models Based Assessment in Physics and mathematics at the college level.  The main question is whether we can measure changes in students’ understandings and models of physics and mathematics.  Related to this is a study of whether we can assess the transfer of learning from one domain to another.  
Edelson (101) Many high schools (and teacher preparation programs) are using on-line portfolios as work products.  Teachers do not know how to use these to evaluate students.  This project is trying to develop a prototype of how to build and assess these portfolios.

Issues in Equity and opportunity to learn

NSF helped support the recent Third International Study of Mathematics and Science – Repeat (TIMSS-R) and it companion study in the U.S. called the “Benchmarking Study” in which states and schools participated as nations.   This study clearly showed that there is a strong correlation between economic status and achievement but that this is not determinant.  The U.S. and England, while scoring higher than most developing nations in Mathematics, did score below 14 other nations including the relatively low income Slovak Republic, Hungary and the Russian Federation.  Within the U.S. our richest districts scored ranked at or near the top and our poorest at or near the bottom.  However, some of our relatively poorer states did as well or better than some of our wealthier ones.

In a study that was quite exciting for us, Jason Kim, found that urban students in 22 of the urban system reform programs supported by NSF substantially increased their enrollment rates in science and mathematics.  These projects call for systemic alignment of curriculum, assessment, teacher preparation and accountability.  As another NSF grantee, Barbara Schneider found, enrollment rates in high school in these subjects is the single most important predictor of college enrollment.  Kim’s study also showed that these students “substantially increased their enrollment rates in mathematics and science gatekeeping and higher level courses.”  They conclude that education reform is a complex, long-term process that requires “simultaneous changes in expectations, policies, curriculum, assessment, professional development, student support systems, data use and the allocation of resources.”

Blau has found some disturbing and encouraging findings in her analysis of the NELS database.  The greater tat economic inequalities are confounded with facial differences in urban areas, the lower the gain scores in social studies between 10th and 12th grade. Using multi-level analysis, she finds that because of the inferior schools that black students generally attend, even with high test scores, they are less likely than whites who score high to attend post secondary institutions.  Blau calls this “talent loss.”  On the other hand, white students who score low are less likely than blacks to attend PSI – a phenomenon she calls schooling loss.    

There are examples where students in poor urban areas have scored significantly higher than expected by SES.  Davis is examining the factors that lead to unusually high algebra performance in four schools.   How do students in these schools learn to take responsibility for their learning; what do teachers do.  Some early and expected indicators are school wide expectation for success, comprehensive curriculum across grades, emphasis on subject matter expertise and personal growth.  However, the study is also finding that these successes are fragile.  Changes in policies and structures in at least one school seem to be undermining the achievement.

New Avenues of Research

Particularly in our quadrant 1, NSF is optimistic that we are encouraging research that is linking some basic neurobiological processes with the enduring questions of education:  transfer, conceptual development, and inquiry.  John Anderson has students work with an on-line algebra tutor and traces eye movement as students solve problems.  By providing feedback based on this movement, they have increased learning by up to 20%.     They will use fMRI to look at what neural systems are involved.     

Elizabeth Spelke the cognitive systems that give rise to mathematics so that she can better understand how to exploit these systems to foster the development of mathematical thinking in children.  In previous work, they have discovered that there are different systems for representing small numbers of objects exactly and large approximate numerosities.  These systems have different patterns of cortical activation and develop at different times.  There is evidence that approximation may be innate.  They hope that they may discover ways to use this innate ability to foster learning of other mathematical systems  -- specifically, seeing how simple mathematical abilities (in this case, small exact and large approximate) are combined to enable more complex mathematical abilities
JanEllen Huttenlocher and others have a fascinating team of neurobiologists, cognitive scientists and educators who are exploring the development of spatial competence. Part of the study is investigating the neurological foundation for spatial growth by examining the development of neural synapses in areas of the brain related to spatial intelligence.  Using cognitive science approaches and basic research on analogy and analogical processing, another team is examining how children come to symbolic spatial representations (maps).  Another team is aimed at identifying teacher practice that leads to gains in student’s spatial ability during regular fourth and fifth grade classes.  

Nanotechnology is a growing area of interest in science.  Gail Jones and her team are examining how interaction with Nanotechnology influences learning in middle, high school and college.  Specifically, how do students understanding of viruses change as they use a nanoManipulator with and without haptic feedback.  

One aspect of computer-assisted learning that has been largely ignored is the role of emotions.  Rosalind Picard is studying how a computer might “learn” to recognize emotions and to use that learning to provide appropriate support and feedback to students. They are particularly concerned with distinguishing between the natural confusion and stress that accompany learning from those states that signify disengagement or discouragement.

