Modeling Instruction in High School Sciences
  (for schools & universities that want to offer a Modeling Workshop or send teachers to one. )

Grade Levels: 8 through 12, as of 2012.

Description: Modeling Instruction in High School Science is grounded on the thesis that scientific activity is centered on modeling: the construction, validation, and application of conceptual models to understand and organize the physical world. The program uses computers and modeling methods to develop subject-specific content and pedagogical content knowledge of high school science teachers, and cultivate them as leaders in science teaching reform and technology infusion in their schools and districts. Professional development workshops equip teachers with a teaching methodology to develop student abilities to make sense of physical experience, understand scientific claims, articulate coherent opinions of their own, and evaluate evidence in support of justified belief. For example, students analyze systems using graphical models, mathematical models, and pictorial diagrams called system schema. 

Program goals are explicit and reflect current research on learning theory. The content embedded in the units is fundamental to the respective subject and all science. The program utilizes experimental design, control of variables, and calls for reasoning and application of skills in solving problems. There is strong use of student discourse, as evidenced by the need for students to present and justify conclusions derived in the laboratory. Multiple strategies for problem-solving are encouraged, reflecting sensitivity to individual student differences and abilities. A rich, integral system of assessment is one of its strongest features, and multiple modalities  provide teachers with ample entry points into students' learning processes. Many aspects of the teaching methodology can be successfully transferred to other settings. 

The program offers a wide range of teacher support, including information on laboratory, extension, application, and deployment activities. The program is impressive in its awareness of and attention to national content, teaching, and assessment standards. The program is exceptional in its modeling and emphasis on skills, attitudes, and values of scientific inquiry. It addresses important individual and societal needs by providing constructivist pedagogy for the fundamental sciences that are crucial to understanding the physical world.

Program Components (availability in 2012):

Teacher and Student Materials: model-based sample instructional materials for two years of physics, a year of chemistry, 9th grade physics, and a 1/2 year junior high physical science course are freely downloadable to workshop participants at http://modeling.asu.edu. Participants are given a password to access materials, teacher notes, and assessment instruments.

Professional Development Services Available: High school teachers can participate in a series of Modeling Workshops that are held each summer at Arizona State University in Tempe, and at universities and high schools that volunteer nationwide. As of 2011, ~50 workshops are held each summer in ~25 states. Workshops range in duration from 1 week, focusing on kinematics, to 3-week workshops that thoroughly treat pedagogy and content of an entire semester of (1) mechanics, (2) waves and sound, (3) electricity, (4) light, (5) chemistry, and (6) physical science with math. Biology is being developed. Locations: http://modeling.asu.edu/MW_nation.html. Participants can subscribe to any of six modeling listservs for continuous professional development; in 2011, 2600 physics teachers and 1000 chemistry teachers subscribe.

Most participants share their new pedagogical insights and techniques with colleagues, and many commit to conducting modeling workshops. The project sustains and extends science teaching reforms instigated by the workshops through development of local and national infrastructures, notably local physics alliances and the American Modeling Teachers Association, an affiliate of the American Association of Physics Teachers and a partner in the 100Kin10 mobilization.

Evidence of Effectiveness: The program provides extensive and persuasive evidence of gains in student understanding of science and in inquiry, reasoning, and problem-solving skills. Data confirm that an important factor in student learning is the degree of implementation by teachers of modeling methods learned in the workshops. Repeated findings are that greater degrees of program implementation of the modeling method are associated with larger student gains. Using the Force Concept Inventory (FCI), data collected on 24,000 students in courses of hundreds of high school, college, and university teachers indicate that students' naïve beliefs about motion and force are little changed when using traditional instructional methods, while much greater changes can be achieved with instructional methods derived from modeling. Repeated findings have demonstrated greater gains for program students in physics content knowledge when compared to physics students of the same teachers in the year before the teachers implemented the program and students in traditional physics classes. The Modeling Instruction in High School Physics students exceeded performance of the comparison groups by margins that in some cases exceeded two standard deviations. To put it simply, student gains in understanding under modeling instruction are typically doubled compared to traditional instruction. A 15-page report of research results is available at http://modeling.asu.edu/R&E/ModelingWorkshopFindings.pdf.

Recognitions: In 2001, Exemplary K-12 Science Program; and in 2000, Promising K-12 Educational Technology Program, by two Expert Panels of the U.S. Department of Education.

Implementation Costs: An example: The minimal cost for one teacher to implement mechanics modeling: tuition or registration fee, $100 for instructional materials, and travel/room/meals. (Expenses are lower at funded workshops.) For a group of school districts to implement mechanics modeling for 24 physics teachers, minimal workshop costs are $1500 wages per week x two master teacher-leaders and $100 x 24 teachers for instructional materials. Implementation of mechanics is best accomplished with computers that have laboratory interface and three MBL probes: motion detector, 2 photogates, force probe. One computer per 3 students recommended.

Contact:  Director: Jane Jackson, Department of Physics, Box 871504, Arizona State University, Tempe, AZ 85287-1504, (480) 965-8438; Jane.Jackson@asu.edu,   http://modeling.asu.edu/
Teachers say: “This is the way I always wanted to teach but had been unable to figure out on my own after several years in the classroom!” “I'm a better teacher after modeling, I like my job more, I feel the kids walk away with real transferable skills.”  “It moves students in the direction of being independent learners, and it puts the responsibility for learning where it belongs - on the students.” “I love modeling!”
