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Engineering Project Descriptions

The following list of projects and accompanying descriptions was compiled for CADRE’s Engineering SIG to provide members with an overview of their fellow SIG members’ work. CADRE staff will update this list as we learn of additional work in this field and as SIG membership grows.
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CADRE (DR K-12 Resource Network) Engineering Projects

The following CADRE projects are represented in the Engineering SIG listserv.

An Investigation of the Impact of Strengthening the "T" and "E" Components of STEM in High School Biology and Chemistry Courses 
PI: Debra Brockway
SIG Participants: Debra Brockway, Mercedes McKay

NSF Program: DR K-12
Stevens Institute of Technology and the New Jersey Department of Education are addressing the DR-K12

challenge of assuring that all students have appropriate opportunities to learn significant STEM content. The project is developing high school biology and chemistry instructional materials that incorporate engineering design and inquiry activities closely linked to the content, while simultaneously introducing students to cutting -edge research in STEM fields.

The goal of this project is to strengthen the technology and engineering components in high school STEM courses taken by a majority of students. The hypothesis is that increasing the presence of engineering and technological design at the high school level, specifically by integrating activities in bioengineering and chemical engineering into high school biology and chemistry classes, improves student understanding of science concepts and strengthens students’ 21st century skills more than traditional instructional methods.

The study employs an experimental design with matched pairs of classrooms randomly assigned to treatment or control conditions. Instruction in the treatment group includes an engineering design activity in addition to the existing curriculum, while instruction in the control group consists of the existing curriculum and an additional activity presented via traditional methods. Changes in performance on achievement and skills tests for the matched pairs are then compared.

The study is intended to contribute to the body of research on the effectiveness of engineering design activities in improving student understanding of science concepts as compared to other teaching methods. An experienced, multi-disciplinary, multi-institutional research team and project advisors utilize rigorous methodologies to investigate the impact of engineering design activities on the learning of science content and 21st century skills.

This study contributes new knowledge to both state and national efforts to improve the effectiveness of

STEM education at all levels for all students. By incorporating engineering design in high school science, students are exposed to engineering concepts and the interdisciplinary connections among science, technology, and engineering. Introducing engineering design concepts in courses with larger and more diverse enrollments helps to align public perceptions with reality, increases student enrollments in STEM courses, and enhances the diversity of students considering post-secondary engineering programs.
BSCS Science: An Inquiry Approach — A Phase II Proposal 
PI: Pamela Van Scotter
SIG Participants: Pamela Van Scotter

NSF Program: DR K-12

BSCS is developing a three-year science program for grades 9, 10, and 11. This program presents the core concepts in physical science, life science, earth-space science, and inquiry as articulated in the National Science Education Standards (NRC, 1996). In addition, the program engages students in integration across the disciplines in relevant, social contexts to address other standards. This program provides high school students and teachers nationwide with a coherent alternative to the traditional sequence of biology, chemistry, and physics.

This BSCS program is a response to needs expressed by teachers and school districts:

· Teachers seek a coherent alternative to the discipline-based sequence.

· Teachers see a multidisciplinary science program as a way to help students meet state standards and help students prepare for tests related to those standards.

· Science that integrates across the disciplines engages a greater diversity of learners.

· Science that integrates across the disciplines reflects the unity of the natural world.

The key features of BSCS Science: An Inquiry Approach include the following:

· Rigorous, standards-based content

· Activity-centered lessons

· Opportunities for structured and open inquiry in relevant contexts

· A constructivist, student-centered approach

· The BSCS 5E instructional model

· A collaborative learning environment

· Assessment that aligns with instruction

· The use of student science notebooks

The program consists of six modules at each grade level:

1. A two-week science-as-inquiry unit

2. An eight-week physical science core

3. An eight-week life science core

4. An eight-week earth-space science core

5. An eight-week integrated unit

6. A full-inquiry that begins mid-year

Each core unit includes three chapters that expose students to fundamental concepts in each discipline. The fourth chapter in each unit allows students to apply what they have learned in an integrated context. This approach builds a foundation of knowledge across time and provides a compelling context for learning—an approach supported by recent research in learning (Bransford, J. Brown, A. & Cocking, R., 2000; Pellegrino, J. Chudowsky, N. & Glaser, R., 2001).

Enhancing Engineering Education with Computational Thinking 
PI: Qian Xie
SIG Participants: Stephen Bannasch, Qian Xie

NSF Program: DR K-12
This project will investigate the educational value of scientific simulations for learning engineering through engaging high school students to design and build an energy-efficient scale-model house with the aid of computer simulations and probeware measurement. In partnership with the Center for Engineering Education and Outreach at Tufts University, this project will test the assertion that simulations and hands-on projects are mutually beneficial. The project will develop an education-oriented, student-friendly simulation tool, SimEng, which will be capable of accurately modeling the engineering problems students will encounter in this project. More importantly, it will have unique features needed to ensure the success of this research. To scaffold the design activities and facilitate the research, four instructional units that integrate science concepts, engineering principles, simulations, and hands-on projects will be developed. A controlled study with approximately 600 students using the materials, in which the control group will use only a hands-on kit and the experimental group will use the complete set of engineering tools—a hands-on kit plus SimEng—will be conducted. Data will be collected extensively through various research instruments and analyzed statistically. The proposed research will shed light on potential learning enhancements using simulations, which are critically important in design-based learning, engineering education, and cyberlearning. Results will be published in peer-reviewed journals, presented at related conferences, and disseminated through teacher networks and through collaboration with the Boston Museum of Science, Tufts University, Purdue University, and Hofstra University.
Engaging Youth in Engineering Module Study 
PI: Susan Pruet
SIG Participants: Carolyn D'Cristofano, Judy Duke, Robert Foley, Anne Jolly, Suzanne McGill

Susan Pruet, James Van Haneghan

NSF Program: DR K-12

The Engaging Youth in Engineering (EYE) Module Study is developing, pilot testing, and field testing two engineering modules for middle school science and mathematics classes: Bioengineering the Future, with a focus on seventh-grade life science, and Engineering Clean Energy, targeting eighth-grade physical science. Each module addresses an engineering design challenge of relevance to industries in the region and fosters the development of engineering habits of mind. The approach integrates technology and other resources to engage and meet the diverse needs of children in a large, urban school district, and deepens student understanding of selected middle-grades mathematics and science content. The theoretical foundations for the module development are grounded in contemporary learning research. Instructional design of the materials emphasizes contextual learning, collaboration, content integration, and embedded assessments within the framework of the backward design process.

Teacher professional development materials are being developed, and participating mathematics and science teachers from the collaborating middle schools engage in at least one week of professional development each summer. An EYE coach assists with professional development and supports the teachers on site during the implementation of the modules. The field-testing sites offer opportunities to assess the impact of the instructional materials across diverse groups of students.

This project explores the workability of incorporating engineering-design experiences into standards-based courses to move toward an integrated STEM middle school curriculum in science, technology, engineering, and mathematics, with an emphasis on mathematics. This approach has potential to strengthen middle school STEM programs through the integration of engineering experiences.
Exploring Engineering Design Knowing and Thinking as an Innovation in STEM Learning
PI: Kurt Becker

SIG Participants: Nathan Mentzer

NSF Program: DR K-12

The purpose of this exploratory study is to clarify engineering design as a construct and to perform empirical preparatory research on engineering design as a STEM learning experience for high school students. This three-year project will test the reasonableness of comparing high school student engineering-design thinking with that of experts and investigate the feasibility of these research methods by addressing two research questions: (1) How does high school student engineering-design thinking compare to that of experts in terms of engineering-design performance and knowledge? (2) Does student participation in a multiyear sequence of courses focused on engineering correlate with changes in performance or design knowledge?

Understanding engineering and its role in society is critical for all Americans, though few will pursue engineering as a career. Our vision is to improve the STEM learning and teaching environment for all high school students through their understanding of engineering design. Engineering serves as a STEM integrator by employing principles of math and science to create technologies. Using an exploratory triangulation mixed -methods design to gather multiple forms of data and utilize quantitative and qualitative analysis strategies, 60 high school students engaged in a sequence of engineering-design courses will be identified. Each will be given a design performance challenge in which they will face a familiar yet open-ended and complex design problem. Students will be presented with a list of design activities that they will prioritize by order of importance. The sample will be representative of a diverse group in terms of ethnicity, gender, economic background, and first-generation college bound.

Evaluation efforts will be conducted by an advisory team, external to the project, comprising content expert, pedagogical expert, and methodological expert. Formative evaluation will parallel the work plan, providing informative feedback with a summative evaluation at the conclusion of the project. The advisory team will review and inform the dissemination plan and verify follow-through on project goals and synthesize the findings during formative evaluation. A summative report will be the impact of this work and the logical next steps as it expands to a larger research and development effort.

Increasing our national STEM literacy and workforce readiness includes intensifying and diversifying student participation in the STEM learning experiences. Efforts are currently in place to develop an understanding of engineering among high school students through formal and informal educational experiences. Developing students’ understanding of engineering design is needed to understand technological design, which shares many attributes of the engineering design process. This research will be situated in a formal learning environment associated with the independent engineering outreach efforts of the University of Colorado at Boulder and University of Maryland Baltimore County. These exemplary outreach programs have developed extensive relationships with local schools to establish engineering education for secondary education students. Outcomes of this research are essential to inform developers of instructional materials and curricula, as well as teachers planning classroom strategies and designers of initiatives in formal education.

Dissemination will focus on two aspects of this project: results and research methodology which includes the design tasks used for data collection. Results of this project will include addressing the guiding research questions which are: (1) How does high school student engineering design thinking compare to that of experts in terms of engineering design performance and knowledge? and (2) Does student participation in a multiyear sequence of courses focused on engineering correlate with changes in performance or design knowledge? Research methodology involves adapting design tasks which have been used on the collegiate and expert levels to younger learners. This adaptation process is a significant element of the study to share with other researchers who are considering a similar challenge of broadening the study of engineering education to include high school learners. Piloting these design tasks on the high school level may lead to using other design tasks as treatments and data collection opportunities.
Science Learning: Integrating Design, Engineering and Robotics (SLIDER)
PI: Richard Millman
SIG Participants: Richard Catrambone, Barbara Fasse, Brian Gane, Donna Llewellyn, Anna Newsome, Jeff Rosen, Mike Ryan, Marion Usselman
NSF Program: DR K-12
The Science Learning: Integrating Design, Engineering and Robotics (SLIDER) project is a collaborative effort involving the Center for Education Integrating Science, Mathematics and Computing (CEISMC), the

Center for the Enhancement of Teaching and Learning (CETL), the School of Psychology, the School of

Biomedical Engineering, and the College of Computing at Georgia Tech; the State of Georgia Department of Education; and three Georgia school systems: one urban, one rural, and one suburban. The project is

developing and implementing a rigorous eighth grade physical science program that utilizes engineering

design, LEGO™ robotics and mechanics, and a problem-based learning approach to teach mechanics, waves, and energy.

The project seeks answers to these research questions: Can research-based physical science instructional materials that use problem-based inquiry learning in the context of engineering-design scenarios empower a broad range of middle school learners to learn physical science content and reasoning skills? Can these educational materials lead to increased engagement, motivation, aptitudes, creativity, and interest in STEM fields? If so, does this effect persist as students move into high school? Do students engage with the materials differently depending upon their gender, race, socioeconomic status, prior academic achievement level, or location (urban, suburban, or rural)?

In the process of answering these primary questions, additional questions being addressed include: How should the learning be assessed in the classroom and how does this assessment impact student performance? What instructional materials and professional development are necessary to prepare teachers to deliver this type of instruction effectively in their classrooms?

Three geographically disparate schools with strong school leadership and an existing track record of robotics use are participating in the project. In each school, two teachers will utilize LEGO™ kits and storage units to fully support instruction in their physical science classes. The SLIDER instructional materials will consist of contextualized, problem-based challenges that require students to design, program, investigate, reflect, and revise their products or solutions.

SLIDER contributes to the knowledge base on the effectiveness of using engineering design and robotics in K-12 education.

SLIDER impacts K-12 physical science education by providing a research-based and thoroughly tested set of instructional materials for use by teachers. These materials will be designed to help attract more students, particularly those previously underrepresented in STEM, into technical fields and careers. The project also impacts the educational research workforce by training graduate students, undergraduate students, and postdoctoral researchers in the theory and methods of educational research and evaluation.
Engineering is Elementary: Engineering and Technology Lessons for Children
PI: Christine Cunningham
SIG Participants: Christine Cunningham, Kate Hester
NSF Program: IMD

The Engineering is Elementary: Engineering and Technology Lessons for Children (EiE) project aims to

promote the learning and teaching of engineering and technology by elementary school students and teachers in grades 1-5. At its core, the EiE project is creating research-based curriculum materials that integrate engineering and technology concepts and skills with elementary science lessons.

Each set of EiE lessons integrates an elementary school science topic with a specific field of engineering.

Each of the 20 units is designed to engage students in the engineering design process and includes the following:

· a storybook narrated by a child character from around the world. As the child tries to solve a problem, he or she is introduced to what engineering is, some basic engineering concepts, and some related science content. The problem the child character engages with is the same one that readers will engage wit in their classrooms.

· lessons plans with detailed instructions for teachers.

· duplication masters: ready-to-photocopy activities and handouts for students available in two levels: basic (suggested for grades 1 and 2) and advanced (suggested for grades 3-5).

· assessments rubrics and multiple-choice and open-ended questions that teachers can use to gauge their students’ understanding and learning of engineering, technology, and science concepts.

· background information and additional reference resources for teachers.

All materials are designed to meet the national Standards for Technological Literacy and connect with literacy, social studies, and mathematics. Close collaboration and feedback of a cadre of local pilot teachers and a larger set of national field-test teachers in five states guide development. Data from students and teachers inform revisions of materials.

EiE materials are grounded in ongoing research and assessment of student and teacher conceptions, learning, and attitudes and of teachers’ perceptions of the EiE curriculum. We are collecting qualitative and quantitative data from students and teachers nationally to better understand how children best learn about engineering and how our materials impact their understandings. National, statistical, controlled studies indicate that children who engage with EiE materials have a much better understanding of engineering and technology concepts than children who do not.

Engineering is a new discipline for elementary school teachers. To support the teaching of engineering and technology, EiE offers professional development workshops for elementary school educators. These sessions provide teachers with an overview of engineering concepts and skills, introduce teachers to the curriculum materials, and engage the teachers in the activities in the lessons.

Through the EiE Hub Site Initiative, EiE project staff work with professional development providers from across the country to familiarize them with the program and its methods so they can offer workshops and support for local teachers, educators, and afterschool providers in their states. To this end, the project has developed the EiE Handbook for Professional Development. As of April 2009, over a million students and 15,500 students in 50 states were using our material.
Quality Cyber-Enabled, Engineering Education Professional Development to Support Teacher Change and Student Achievement (E2PD)
PI: Heidi Diefes-Dux
SIG Participants: Monica Cardella, Yohannes Strobel (facilitator)
NSF Program: DR K-12

Incorporating engineering into elementary classrooms has many benefits but requires professional development for teachers. The goal of this project is to develop a learning progression for elementary school teachers that increases their ability to adopt and refine engineering learning materials in their classrooms. The initial face-to-face workshops currently used by INSPIRE (Institute for P-12 Engineering Research and Learning) at Purdue University will be extended with a cyber-infrastructure of video-based mentoring in real time and an asynchronous learning experience. A video and audio network will link teachers with each other and with researchers/educators at Purdue to establish a community of practice dedicated to increasing the potential of teachers to implement engineering education. We will identify attributes of face-to-face and cyber-enabled teacher professional development and community building that can transform teachers into master users and designers of engineering education for elementary learners. We will engage in rigorous evaluation of teacher professional development (TPD) with engineering that looks at the impact of our TPD on teacher and student knowledge, attitudes, and behaviors (KAB) about engineering and engineering education. The design of our face-to-face and increasingly cyber-enabled TPD builds on prior research that identifies quality TPD as (a) delivered just in time to the teachers’ setting; (b) tailored to teachers’ individual needs (i.e., answers very specific questions in specific contexts); and (c) developing point-to-point and guided online communities. We see the cyber-infrastructure for professional development with learning and assessment resources as potentially transformative, able to manage and deliver large-scale professional development across the nation.

We will employ a feedback mechanism for advancing teacher KAB about engineering and teaching with engineering in their classrooms. Teachers’ KAB about engineering and teaching with engineering guides their implementation of engineering in their classrooms. Assessment of students’ KAB about engineering drives reflection and continued face-to-face and cyber-enabled TPD and community engagement that supports the integration of engineering in classrooms. The research questions are (1) Student KAB: What is desired student KAB (achievement) as a result of integrating engineering in formal (elementary) education? Clear articulation of student learning outcomes is necessary to ascertain the impact of TPD and community building around engineering. A related question is: How should student achievement be measured to provide evidence of successful TPD and teacher community around engineering? (2) Teacher KAB: What teacher KAB are necessary for successful and sustained integration of engineering in (elementary) classrooms? How should teacher KAB be measured to provide evidence of successful TPD and community building around engineering? (3) TPD and Teacher Community: What attributes of quality (face-to-face and cyber-enabled)

TPD and teacher community support and sustain integration of engineering for desired student achievement?

We wish to describe the “what and how” of successful TPD, community building, and sustainability around engineering integration into elementary education. The framework and associated research questions will produce compelling evidence of new knowledge around teacher pedagogical content knowledge, student learning and engagement in STEM education, and development and sustainability of effective teacher enhancement programs by means of face-to-face and cyber-enabled mechanisms.
Simulation and Modeling in Technology Education (SMTE)
PI: Michael Hacker
SIG Participants: Michael Hacker

NSF Program: DR K-12
Simulation and Modeling in Technology Education (SMTE) is a five-year project that develops and researches the academic potential of a hybrid instructional model that infuses computer simulations, modeling, and educational gaming into middle school technology education programs. These prototypical materials use 3D simulations and educational gaming to support students’ learning of STEM content and skills through developing solutions to design challenges. The virtual environment allows students to analyze and improve their designs by changing variables and observing how their changes affect design performance. Once the designs are optimized on-screen, students will construct physical models and compare their functionality and effectiveness to the simulated virtual models.

A uniqueness of the project is the development of an innovative Web-based instructor design interface and a library of objects to enable instructors to modify the context of the design problems to fit different instructional and geographic settings. The research investigates the transferability of the model and its potential to improve STEM teaching and learning.

The project incorporates a cyber-enabled engineering design approach that integrates science and mathematics and uses contemporary technological tools and pedagogical strategies. The content is driven by the concepts and skills identified in the K-12 Standards for Technological Literacy (STL). The partners are Hofstra University’s Center for Technological Literacy, the State University of New York at Buffalo, the NSF National Center for Telecommunications Technologies, Bloomsburg University in Pennsylvania, and the City University of New York.

The research design includes a test of three conditions: the experimental (hybrid) condition; the gaming and simulation-only condition that involves students in the virtual tasks only; and students doing physical modeling task. Testing will involve 12 teachers and 240 students with data collected in six assessment domains. Data will be analyzed using a variety of multivariate statistical analyses.
ARC (REESE Resource Network) Engineering Projects
The following REESE projects are represented in the Engineering listserv. For more information, visit the ARC website: https://arc.uchicago.edu/ 
Effects of Inquiry-Based Teaching Experiences on Graduate Students: Research Skill Development
PI: David Feldon
The purpose of this REESE project is to investigate the impacts of inquiry-based science teaching experiences on the development of STEM graduate students as researchers. The investigators will measure the trajectory and magnitude of change in teaching and research skills over time using an array of relevant and contextualized data sources. They hypothesize that graduate students participating in both inquiry focused teaching experiences and advisor-directed research experiences will demonstrate greater growth in scientific reasoning and research design skills than those lacking either experience. Further, it is expected that research-active graduate students will benefit from teaching experiences in either undergraduate or K-12 settings. 

The team anticipates that specific aspects of skill development may differ as a function of the teaching setting, but that either experience will provide a differential benefit relative to those students who participate exclusively in either research assistantships or teaching experiences. The researchers expect that this work will inform STEM graduate level training in both research and teaching.
Tangible Programming in Early Childhood: Revisiting Developmental Assumptions Through New Technologies
PI: Marina Bers
The focus of this project is on computer programming and robotics in early elementary school, with an emphasis on kindergarten. The goal is to understand what is developmentally appropriate for young children in light of novel human-computer interaction techniques that provide more age-appropriate access to technology. At the heart of this proposal is the claim that, for a variety of reasons, modern graphical user interfaces (GUI) are ill-suited for use in early elementary school, especially for computer programming activities. This project proposes to build on emerging tangible user interface (TUI) technology to create a tangible programming language for young children. That is, rather than using a mouse or a keyboard to write programs to control robots, children will instead construct programs by connecting smart wooden blocks shaped like jigsaw puzzle pieces. In a similar spirit, the project proposes to re-envision robotics as an activity having less to do with constructing robots out of expensive and intricate parts (such as LEGOs) and more to do with constructing artistic creations out of arts and crafts goods and recycled materials. Over the course of three years, the project will build on existing research to develop novel technology and a complementary kindergarten robotics-based curriculum. In addition, it will develop a research protocol and experimental tasks in order to study children’s learning in this domain. The project will then evaluate the effectiveness of both the technology and the curriculum in four kindergarten classrooms.
Transforming Elementary Science through LEGO™ Engineering Design
PI: Chris Rogers
This project addresses the need for improved learning and teaching of science in the elementary grades. The investigators propose to address this need through the development, implementation, and evaluation of innovative engineering-based science curriculum for grades 3-5. The first specific objective of this activity is to measure what and how students learn from engineering design challenges tailored to standards-based science concepts. The second objective is to establish best practices for designing engineering curricula that are more effective at promoting students' fundamental understanding of and interest in science content. The third objective is to determine whether engineering contexts improve elementary teachers' practice of science instruction. In this activity, we seek to advance theory, design, and practice in the emerging field of elementary-school engineering education, which we believe can motivate and deepen the learning of science. To accomplish the proposed goals, researchers will collaborate closely with participating Boston-area teachers. During year one, investigators will collaborate with teachers to develop a series of curriculum modules that pose engineering design challenges whose solutions require understanding of specific science content. The learning objectives of these modules will be aligned with the National Science Education Standards (NSES) for grades K-4 and the Massachusetts Science and Technology/Engineering Curriculum Frameworks for grades 3-5. The instruction and assessments will be designed according to three sets of requirements: (1) the concerns and experience of the collaborating classroom teachers, (2) the Project 2061 criteria for science curriculum set forth by the American Association for the Advancement of Science, and (3) the analytical, creative, and practical domains of Sternberg's Triarchic Theory of Intelligence. The curriculum will use the LEGO(TM) MINDSTORMS toolset for prototype construction and ROBOLAB (TM) software for algorithm development. These instructional materials have been proven to be engaging and authentic tools for children's engineering. One example of a proposed curriculum module is "Cities in Motion," in which students spend six sessions building and programming LEGO (TM) robotic models of a typical city's fleet of vehicles, including cars, snowplows, bicycles, trains, and buses. Students program their vehicles to interact with each other and work to meet requirements for weight, speed, and strength. Desire to succeed in this engineering design project will motivate students' mastery of NSES content standards about "Position and Motion of Objects," "Properties of Objects and Materials," and "Systems, Order, and Organization." The data from teacher and student studies will be analyzed to answer the following three driving research questions: (1) Does engineering-based science instruction improve 3rd-5th grade students' analytical, creative, practical abilities related to science content, as well as their memory of science content? (2) How are the attitude, engagement, and self-efficacy of both teachers and students affected by the use of engineering design problems to teach science? (3) Does the efficacy of engineering based science instruction depend on demographic characteristics of the students? The primary intellectual merit of the proposed activity includes (1) the contribution of needed systematic research on the efficacy of elementary-level engineering education for science instruction, and (2) the development of new and potentially more effective methods for engineering-based science instruction. The broader impact resulting from the proposed activity is that educators will be empowered to (1) prepare students for a society that is increasingly dependent on understanding of engineering and technology and (2) to build students' interest and competence in math and science. This impact will be achieved through the dissemination of the instructional materials, pedagogical innovations, and research findings generated by collaborating investigators and teachers.
ITEST Gaming Projects
The following ITEST projects are participants in the Engineering listserv. For more information, visit the ITEST Learning Resource Center website: http://itestlrc.edc.org/ 

Building an Internet Community of Design Engineers (iCODE) – Collaborative Research
PI: Fred Martin
The University of Massachusetts Lowell and Machine Science Inc. propose to develop and to design an on-line learning system that enables schools and community centers to support IT-intensive engineering design programs for students in grades 7 to 12. The Internet Community of Design Engineers (iCODE) incorporates step-by-step design plans for IT-intensive, computer-controlled projects, on-line tools for programming microcontrollers, resources to facilitate on-line mentoring by university students and IT professionals, forums for sharing project ideas and engaging in collaborative troubleshooting, and tools for creating web-based project portfolios.

The iCODE system will serve more than 175 students from Boston and Lowell over a three-year period. Each participating student attends 25 weekly after-school sessions, two career events, two design exhibitions/competitions, and a week-long summer camp on a University of Massachusetts campus in Boston or Lowell. Throughout the year, students have opportunities to engage in IT-intensive, hands-on activities, using microcontroller kits that have been developed and classroom-tested by University of Massachusetts-Lowell and Machine Science, Inc. About one-third of the participants stay involved for two years, with a small group returning for all three years.

One main component for this project is the Handy Cricket which is a microcontroller kit that can be used for sensing, control, data collection, and automation. Programmed in Logo, the Handy Cricket provides an introduction to microcontroller-based projects, suitable for students in grades 7 to 9. Machine Science offers more advanced kits, where students build electronic circuits from their basic components and then write microcontroller code in the C programming language. Machine Science offers more advanced kits, which challenge students to build electronic circuits from their basic components and then write microcontroller code in the C programming language. Machine Science's kits are intended for students in grades 9 to 12.

Microcontroller technology is an unseen but pervasive part of everyday life, integrated into virtually all automobiles, home appliances, and electronic devices. Since microcontroller projects result in physical creations, they provide an engaging context for students to develop design and programming skills. Moreover, these projects foster abilities that are critical for success in IT careers, requiring creativity, analytical thinking, and teamwork-not just basic IT skills.

Innovative Flight Simulation Experiences for Students and Teachers
PI: Mohammad Khan
Tuskegee University proposes to use a low-cost flight simulation environment to enhance learning physics and mathematics for students in grades 8-12 in a rural community in Macon County schools in Alabama. It outlines a development strategy for module development that engages undergraduates and teachers in the development process followed by teacher implementation including teacher training and student workshops. The proposal design calls for adapting an innovative and successful strategy for engaging and teaching undergraduates to grades 8-12. Hands-on learning modules will be developed and teachers trained in their use. An interdisciplinary team from the Aerospace Science Engineering, Mathematics, and Psychology & Sociology Departments will develop the hands-on learning modules and provide training to teachers on using these modules as well as on developing their own modules. Exposure of 8-12 grade students to this environment at Tuskegee University which has the rich heritage of the Tuskegee Airman will excite students interest in STEM and motivate the target audience. The learning modules will be pilot tested and then offered as intensive on-campus workshops during weekends and summer to middle and high school students and teachers. The learning modules utilizing the flight simulation environment as a virtual laboratory will provide a dynamic, engaging and realistic environment of hands-on activities to learn the various concepts of physics and mathematics and their inter-relationship and application in real life.

Learning through Engineering Design and Practice: Using our Human Capital for an Equitable Future
PI: Tirupalavanam Ganesh
Arizona State University (ASU) in collaboration with Arizona Science Center, Boeing, Intel, Microchip, Motorola, Salt River Project, AZ Foundation for Resource Education, AZ Game & Fish Department, US Partnership for the Decade of Education for Sustainable Development, Mesa Public Schools, and Boys & Girls Clubs of the East Valley, offer a three-year extracurricular project resulting in IT/STEM-related learning outcomes for 96 participants in grades 7, 8, and 9. The project targets and engages female and minority youth traditionally under-represented in IT/STEM fields in multi-year out-of-school technological design and problem solving experiences. These include summer internships/externships and university research in the science center and industrial settings where participants develop socially responsible solutions for challenging real world problems. The program includes cognitive apprenticeships with diverse mentors, opportunities to practice workplace skills such as leadership, teamwork, time management, creativity and reporting, and use of technological tools to gather and analyze complex data sets. Participants simulate desert tortoise behaviors, research and develop designs to mitigate the urban heat island, build small-scale renewable energy resources, design autonomous rovers capable of navigating Mars-like terrain, and develop a model habitat for humans to live on Mars. Together with their families participants gain first-hand knowledge of IT/STEM career and educational pathways.

In addition to youth outcomes, the adults associated with this project are better prepared to positively influence IT/STEM learning experiences for under-represented youth. The evaluation measures participant content knowledge, attitudes and interest in IT/STEM subjects, workplace skills and intentions to pursue IT/STEM educational and career pathways to understand participant reactions, learning, transfer and results. Informal curricula developed through this project, field-tested with youth at Boys & Girls Clubs and youth at Arizona Science Center will be available on the project website.
MATE ROV Competitions: Providing Pathways to the Ocean STEM Workforce
PI: Jill Zande
This project will use the Marine Advanced Technology Education (MATE) Center's highly successful remotely operated vehicle (ROV) competition network to reach, engage, and support the participation of middle schools. They represent a critical point in the educational pathway where students, particularly from underrepresented groups, are most likely to lose interest in math and science. It will provide career information and guidance tools that enable students to make the transition from middle school through high school to college and into the workplace. It will underscore the importance of parental involvement in students' education by proactively reaching out to, communicating with, and engaging parents in project activities. It will also expand the MATE Center's cyberinfrastructure to create a learning community that promotes access to resources and encourages communication and collaboration across all grade levels. The project will also evaluate the impact of these activities and contribute those findings to the knowledge base about STEM education, particularly as it applies to traditionally underrepresented groups. 

The overarching project goal is to use the MATE ROV competition as an engaging platform to prepare middle and high school students for careers in the ocean STEM workforce. Specifically, the project goals are to 1) increase middle and high school students' interest in STEM and STEM careers; 2) provide teachers with resources that support the delivery of STEM career information and learning experiences; and 3) increase access to industry mentors and STEM instructional resources. This access will allow students and educators at all levels to build upon and advance their STEM knowledge and skills using ROVs as the vehicle, both figuratively and literally. Over the course of 3 years, the project will provide 240 middle school teachers who serve underrepresented groups with 28 hours of professional development, to include one 'take-home' ROV per teacher; provide 60 of those teachers with an additional 56 hours, for a total of 84 hours; provide 10 of those teachers with an additional 56 hours, for a total of 140 hours; provide 2,400 middle school students with a minimum of 20 hours of instruction and hands-on STEM learning experiences. In addition, the project will produce 4 middle school curriculum modules; implement a beginner level ('SCOUT') competition class at all 12 of MATE's existing regional contests within the U.S.; modify and improve MATE's existing career tools to produce an online careers course and complementary website for middle and high school audiences; disseminate the career information and guidance tools to the target middle school audience as well as to the other middle schools and high schools that participate in the competition. The project will also develop a cyberlearning center that uses web technologies and social media tools to engage and increase the number of users accessing and sharing information, resources, and ideas.
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