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CSE, along with literacy consultants from the Tufts University Center for Applied Child Development, is developing a set of professional development materials aimed at enhancing the understanding of this connection. The Connecting Science and Literacy Program (CSLP) will consist of several multimedia modules. One will be an introduction to the theoretical foundations of the program; some will focus on specific uses of literacy in the science classroom (discussion, science notebooks, science reports, and use of text); and some will be case studies of individual classrooms. A comprehensive manual for professional development leaders will provide an overview of the program and guidance in its use. 
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For more information on this project, contact Karen Worth at kworth@edc.org



Center for Science Education is a division of EDC
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	Seems to focus on the use of literacy while doing science.  IE, How to write better reports, etc.  

	
	


Research / Reference for this process

	  TIES has been designed to apply seven characteristics of science programs that both teach and apply problem solving in science, including:

• Start with practical problems; then move to causality issues. Children’s interest in science experiments is heightened by starting in an engineering mode in which students investigate practical problems and then over time move to a scientific mode that focuses on causal relationships (Schauble, Klopfer, & Raghavan, 1991).

• Problems need to be "practical" from the students’ perspective. Children’s problem solving skills are enhanced, if they feel ownership of the problem -- i.e., they see the problem as relevant (Pizzini, Shepardson, & Abell, 1989).

• Discrepant events with student questions and teacher guidance support problem solving. Discrepant events, accompanied by ( 1) student-generated questions and (2) teacher guidance on how to ask productive questions, support development of both problem solving skills and understanding of the topic at hand (Barr, 1994).

• Children should be reflective about their problem solving efforts. Children’s problem solving is improved, if they ( 1) are led by the teacher to reflect on the strategies they used to solve the problem and (2) they have standards by which they can evaluate their performance (Barr, 1994).

• Working in cooperative groups enhances problem solving. Cooperative groups in which students together investigate questions, propose and test hypotheses, and draw conclusions enhance development of both problem solving skills and understanding of the topic at hand (Johnson & Johnson, 1987).

• Hands-on, process-oriented instruction yield higher achievement than textbook-oriented teaching. Regardless of teacher experience and school location, contrary to "back to basics," elementary students enrolled in process-oriented classrooms enjoy higher academic achievement than students in textbook-oriented classrooms (Shymansky, Hedges & Woodworth, 1990; Shymansky, Kyle & Alport, 1983).

• Academically or economically disadvantaged students appear to gain the most from activity-based elementary science programs (Bredderman, 1982).

 

            Finally, TIES takes into account research on the change process in education. In this regard we were very influenced by Taking Charge of Change by Hord, et al. (1987) and their Concerns-Based Adoption Model. Further, Mohling (1993) found that professional development in science for elementary teachers of American Indians required both a period of instruction and an extended period of application before the teachers’ primary concern moved from self concerns to concerns about the effectiveness of the innovation.

 

             The work described in this paper was supported by National Science Foundation Grant ESI955650. Opinions, findings, conclusions, or recommendations expressed or implied herein are those of the author and do not necessarily reflect the view of the National Science Foundation. 



	TIES has woven together research on ( 1 ) encouraging underrepresented students in science, (2) teaching and learning problem solving skills needed in a post-industrial, global economy, and (3) changing the practices of science teachers. For example, based on the work of Kahle (1985), Lockheed (1985), Smith and Erb (1986), and Smith (1991) nine Cardinal Principles for encouraging underrepresented students in science are applied, including:

• Teach science through firsthand (hands-on) experience, applying a constructivist approach.

• Reorganize instruction to encourage cooperative learning.

• Actively encourage underrepresented students to engage in science, math, and computer activities in and out of school.

• Use language the students understand during instruction.

• Develop students’ positive evaluations of their own competence in science.

• Make science people oriented by emphasizing science topics that focus on personal utility and the altruistic/nurturing value of science.

• Bring aesthetic appreciation into science.

• Capitalize on girls’ interest in and mastery of oral and written skills by including language activities and classroom discussions in science.

• Incorporate community resources in instruction.
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	Research Findings 
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The future of engineering lies within the creativity and innovation of our nation's youth. However, as many recent papers and studies have chronicled, kids today are not pursuing futures in science, math, engineering and technology ( Sullivan 2006; Rising Above the Gathering Storm). Research studies show that students begin to lose enthusiasm for science in elementary and middle school (Greenfield 1996; Jovanovich & King 1998). One study showed that middle school students responded unfavorably when asked if they want to pursue a career in engineering (Mooney & Laubach 2002). Waning enthusiasm is more pronounced for girls as they exhibit lower science achievement scores than boys at the middle school level (Stake & Mares 2001). Standardized test results also illustrate decreasing math proficiency in the middle school years. To steer young students towards futures in engineering and technology, particularly girls and ethnic minorities, we must impress upon them the creativity, influence, and societal impact of engineering and the motivation to learn science and math during the critical K-12 years. Whether teaching stand-alone engineering classes in elementary, middle or high school or through integrating engineering activities into subjects like science, math, geography, etc., research shows that engineering-like education works! 

Why Use Engineering? 
Aside from being flat out fun, incorporating engineering activities into your classroom in a proper way is directly aligned with many instructional practices known to improve student learning. First of all, the process of engineering design where students identify and define a problem, formulate the right questions, conceive multiple possible solutions and evaluate those solutions through analysis and testing, is very similar to scientific inquiry. The National Science Standards (AAAS, 1989; National Research Council, 1996) have labeled the use of inquiry that promotes scientific reasoning as a central strategy for teaching science. The use of an inquiry based approach in a science classroom leads students to realize the way science is authentically carried out. Many studies have found that inquiry-based science activities have positive effects on student achievement, cognitive development, laboratory skills, and understanding of science content as a whole when compared with students taught using traditional approaches (Burkam et al. 1997, Freedman 1997). 

Engineering lessons and activities are typically inquiry-based and incorporate problem solving, critical thinking and cooperative learning for all students. Research has shown that cooperative activities facilitated more active roles (Baker 1990, Johnson & Johnson 1999, Meyer 1998) and higher retention rates for female students (Kahle & Meece, 1994). Studies have also shown that African American and Hispanic students performed better in cooperative environments (Atwater, 1994, Bonangue 1992). Additionally, studies have shown that students in inquiry based classrooms have improved attitudes toward both science and school as compared to traditional methods. 

Engineering curriculum often involve hands-on activities that are open-ended (more than one correct answer). Research has shown that students who participate in hands-on activities and perform their own science experiments learn more than those who do not (Burkam et al. 1997, Freedman 1997). Teachers who have implemented engineering activities have indicated that the open-ended, inquiry-based, and team-oriented approach encouraged the involvement of students who normally do not participate in class (Mooney & Laubach 2002). Teachers indicate that the hands-on inquiry approach is particularly appealing to students with disabilities, allowing them to learn using kinesic and verbal modalities, pictorial representations and creativity - traits that are strengths of students with learning disabilities (Mastropieri et al. 1999). And, the use of hands-on project based learning has been proven effective in educating English as a second-language students (Gersten & Baker 2000). 
 
Stay Tuned
Research into how children learn and particularly how children learn science and math is clearly evolving rapidly. Agencies such as the National Science Foundation, National Institutes of Heath, and the Department of Education are funding numerous research efforts. So check back from time to time to keep up to date on these important research findings. 
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Professional Development:
	Area
	Discussion

	What do teachers need to know: 
	What Do Teachers Need to Know to Teach for Understanding? 
To help students learn mathematics or science with understanding, teachers need to know how to help students (a) connect knowledge they are learning to what they already know, (b) construct a coherent structure for the knowledge they are acquiring rather than learning a collection of isolated bits of information and disconnected skills, (c) engage students in inquiry and problem solving, and (d) take responsibility for validating their ideas and procedures. This kind of teaching requires that teachers have a coherent vision of (a) the structure of the mathematical or scientific ideas and practices they are teaching; (b) the conceptions, misconceptions, and problem-solving strategies that students are likely to bring to learning those ideas and where they are likely to struggle in learning them; (c) the learning trajectories that students are likely to follow; (d) the tasks and tools that are likely to provide a window into students’ thinking and support their learning and problem solving; (e) the kinds of scaffolding that can support students to engage in sense making and problem solving; and (f) the class norms and activity structures that support learning. 

This kind of knowledge cannot be embedded in curriculum materials or scripted into instructional routines. Teachers need flexible knowledge that they can adapt to their students and the demands of situations that arise in their classes. Acquiring this kind of knowledge requires new conceptions of professional development that go beyond traditional conceptions of teacher training. 

Scaling Up Innovative Practices  in Mathematics and Science 

Thomas P. Carpenter 

University of Wisconsin−Madison 

Maria Lynn Blanton 

University of Massachusetts−Dartmouth 

Paul Cobb 

Vanderbilt University, Peabody College 

Megan Loef Franke 

University of California−Los Angeles 

James Kaput 

University of Massachusetts−Dartmouth 

Kay McClain 

Vanderbilt University, Peabody College 

The Department of Education has articulated guiding principles to be utilized for professional development at the state and district level. These standards, which are based on the PALMS standards for quality professional development, highlight three key priority areas. These are 1) expanding educators’ knowledge of subject matter; 2) increasing teachers’ knowledge of (and ability to use) standards-based curriculum, instruction, and assessment; and 3) analyzing and reducing the gap between goals for student achievement and students’ actual progress. 

Project Palms: 

Partnerships Advancing the Learning of Mathematics, Science and Technology 

PALMS Phase II

The Massachusetts State Systemic Initiative



	
	Element 1:  they make no excuses.  Everybody takes responsibility for student learning. 
Element 2:  they do not leave anything about teaching and learning to chance. 

Element 3: High Performing Schools, Districts Insist on Rigor All the Way Up the Line

Element 4: High performing Districts Provide Extra Instruction to the Students Who Need It. 
School time for students after taking out; summers, holidays, sat/sun., teacher professional development days, etc. : Bottom  Line:

Roughly 13-15 Eight-Hour Days per Subject Per Year Improving Achievement and Closing Gaps Between Groups Prepared for the Philadelphia School District Education Trust, 2004

Engineering’s Importance in K-12 Curricula

John Dewey believed that young children are “inherently active with strong impulses to investigate, to share with others what they have found out, to construct things, and to create5.” In other words, a child is a natural engineer. Education in preschool and kindergarten helps children develop these engineering skills by providing an environment that encourages curiosity and allows for discovery through experimentation. As the student progresses through school, concepts in mathematics and science become more complex and demand a higher level of analysis and a clearer demonstration of the

relationship among logic, evidence, and acquired knowledge. The National Science Education Standards6 call for students to be able to view science in terms of systems, practice problem-solving skills, and interpret models, data, and evidence. The study of

engineering naturally allows students to develop these skills. Infusing engineering concepts in the K-12 curriculum will lead students towards a better understanding of engineering in higher education. The President’s Council of Advisors on Science and Technology Report 7 focuses on the need to build a stronger foundation for understanding mathematics and science by placing

special emphasis on the improvement of elementary and secondary education. Recommended steps include the encouragement of collaborations through funding of institutions of higher education and elementary and secondary schools to provide “opportunities for hands-on experiences and application of real science as much as

possible.” One example of a project-based, hands-on learning course is Toying With Technology. By experiencing inquiry, problem-solving, and investigations as undergraduates, future teachers are able to pose worthwhile tasks and structure meaningful inquiry in their own K-12 classrooms. Teachers working with a base knowledge of engineering can naturally encourage students

to consider engineering as an interesting area to explore. A national commitment to preparing teachers with an understanding of engineering concepts will have the most impact on increasing the number of students remaining engaged in technology, science,

and engineering. 
Creating a K-12 Engineering Educational Outreach Center

Lawrence J. Genalo, Monica Bruning, Barbara Adams

Iowa State University
1998-1999


	Existing Programs that have been funding relating to engineering inK-12 
	Pratt School of Engineering;  Duke univ.  www.ece.duke.edu 

The National Science Foundation recently awarded $1.4 million to the Pratt School of Engineering for continued support to Pratt’s math, science and engineering outreach in neighboring elementary and middle schools. 

The latest grant, entitled MUSIC: Math Understanding through Science Integrated with Curriculum, is a five-year project headed by Gary Ybarra, associate professor of the practice in the Department of Electrical and Computer Engineering, and Martha Absher, assistant dean for education and outreach. 

The MUSIC Program partners Pratt with Lakewood Elementary School, Rogers-Herr Middle School, Central Elementary School and Orange Charter School. The mission of the MUSIC program focuses on integrating engineering with all subjects in the North Carolina Standard Course of Study.
year: 2004
This Collections project builds on extensive K-12 engineering curriculum developments funded by the NSF GK-12 program with several engineering colleges collaborating to create an on-line digital library of engineering resources (the TeachEngineering Collection) for use by K-12 teachers and engineering college faculty conducting outreach in their communities. Each institution is already partnered with numerous local school districts to promote engineering as a vehicle for math and science integration. Lessons and activities that introduce engineering to K-12 students while serving as integrators of science and mathematics concepts will populate the Collection. The lessons and activities in the TeachEngineering Collection relate to everyday encounters in the lives of youngsters, thus providing a context for student learning. Collections curricula meet explicit minimum quality criteria and are aligned with national science, mathematics and technology educational standards. Activities can be constructed at low cost with readily available materials -- an "engineering on a shoestring" approach to encourage adoption of the Collection. The Collection also provides a portal to several "living laboratories" -- structures, facilities and processes instrumented with sensors, providing data on-line in real time. The project team also is reaching out to end-users by promoting workshops that train teachers and faculty to use the Collection. The American Society for Engineering Education involvement guarantees long-term sustainability, with responsibility for certification and testing of new curricular components, and nationwide dissemination and promotion of the Collection. The collaborators are designing the system architecture, developing the search engine, and refining and testing the system and contents, including the "living laboratories" component, in collaboration with K-12 teachers. Integration and interoperability with other NSDL collections are being addressed. Concurrently, the Collection content is being standardized, converting a variety of K-12 engineering curricula into searchable, standards-based documents with a common look and feel. In a set of second-level tasks, the team is populating and testing the Collection, integrating it into the Tufts Digital Library, completing the loading and testing of the initial contents, conducting teacher and faculty workshops, and transferring the Collection oversight to ASEE. Moving K-12 engineering outreach curricula from individual sites to a unified and useful library provides accessible resources for the K-12 community and stimulates the involvement of engineering faculty and professionals in K-12 education. Broader impacts of this work are engaging more engineering programs in K-12 outreach, providing the expanded opportunities to dramatically increase general STEM literacy and expanding the pool of youngsters eagerly prepared for a future in engineering. 

 Martha Cyr mcyr@wpi.edu(Principal Investigator) 
http://teachengineering.org/ 

WELCOME - The mission of this website is to help disseminate the results and findings from the NSF-sponsored "4 Schools for Women in Engineering" project. The three-year project developed innovative and effective practices for integrating engineering into the K-12 classrooms using gender-inclusive approaches. 

STEMteams -- consisting of female university faculty, students, engineers, and teachers -- brought engineering into middle school classrooms to provide not only an exciting engineering activity but also to serve as role models for young female learners. 

As Engineering becomes an integral part of K-12 education, we hope that our program serves as a model for bringing gender-inclusive engineering education into the nation's classrooms.

http://engineering.tufts.edu/stemteams/index.html 





