A Technology Exemplar: Post-Textbook UDL Materials

The Need

Teachers are challenged to teach the increasingly diverse students in their classrooms to high standards. Many classes include students who are struggling with learning disabilities such as dyslexia, English language barriers, emotional or behavioral problems, lack of interest or engagement, or sensory and physical disabilities. To help teachers reach these students, materials are needed that provide multiple representations, support multiple means of expression and engagement, and have different assessment strategies. The idea of Universal Design for Learning is to provide materials with this degree of flexibility. This is an exciting challenge because well-designed flexible materials are likely to help every student. 

There are no classroom-ready STEM curriculum materials that use Universal Design for Learning (UDL). There is a particular urgency to developing UDL materials now because the 2004 Individuals with Disabilities Education Act (IDEA) included provisions for a process that will result in a voluntary National Instructional Materials Accessibility Standard (NIMAS). Initially, states adopting NIMAS will require all publishers to provide electronic versions of textbooks. These electronic versions of print texts will be a starting point that will support some UDL goals, but will hardly take full advantage of information technologies. Exemplars are needed now that demonstrate what is possible when UDL materials are designed from the start for electronic delivery. Because of NIMAS, an effective exemplar could have far-reaching impact. 

STEM education is behind reading and language arts curriculum in terms of applying UDL. CAST—the leader in this area—has developed and studied two reading tools that are now commercially available: Wiggleworks and Thinking Reader
. These products are important because they demonstrate that the promise of UDL can be realized in practical products that educators will purchase. At this time, STEM educators have no comparable examples of how UDL principles could be implemented with electronic media. Compared to reading, it is more difficult to create UDL versions of STEM materials because of the importance of hands-on experiences, inquiry-based learning, abstract representations, and frequent need in STEM education to coordinate two or more representations. 

A better understanding of how to adapt STEM materials to individual differences would have important equity implications. While the presence of a “digital divide” means that the hardware needed by UDL is unavailable today to some of the poorest students, the plunging cost of computers is rapidly eliminating that issue. Five years ago, it became clear to experts (Noll, 2001; Pea, 2001) that the digital divide was more an issue of how computers were used than whether they were available; the issue is not equity of access but equity of usage. Poorer schools tend to use lower-quality applications (Dickard, Honey, & Wilhelm, 2003) and make less use of the kinds of applications such as science models and tools that are associated with increased student performance. Research that contributes to a better understanding of how to use technology more productively is needed to address this aspect of the digital divide.

A substantial body of research shows that probeware (sensors, interfaces, and related software used to generate and analyze real-time data from physical inputs) can facilitate student learning of complex relationships (Adams & Shrum, 1990; Beichner, 1990; Friedler, Nachmias, & Linn, 1990; Krajcik & Layman, 1993; Laws, 1997; Linn, Layman, & Nachmias, 1987). Probeware can capture many changing phenomena and increase reasoning skills and science knowledge (Brassell, 1987; Mokros & Tinker, 1987; Thornton, 1997). 
Models have a unique role in science education, allowing students to understand through exploration causal relations in systems that are difficult or impossible to understand by other means. Computer-based modeling is part of the NRC Standards (National Research Council, 1996) and the Benchmarks (AAAS, 1993) because it uniquely enables students to explore chains of causal relationships (Barab et al., 2000; Buckley, 2000). When students learn to envision behavior as a sequence of cause-effect events in models that obey fundamental principles in science, and they can see emergent behavior, student performance in solving qualitative and quantitative problems improves (Feurzeig & Roberts, 1999; Frederiksen & White, 2000; Wilensky & Resnick, 1999). 

Probes and models complement each other; probes bring reality to models; models give generality to the phenomena studied with probeware. The NSES states: “Teachers should help students understand that models are developed and tested by comparing the model with observations of reality” (National Research Council, 1996, p. 116). Computational models and probes are among the most important innovations enabled by technology and are associated with increased student performance. In 2000, the National Assessment of Educational Progress found: “Eighth-graders whose teachers had students use computers for simulations and models or for data analysis scored higher, on average, than eighth-graders whose teachers did not”  (National Center for Education Statistics, 2002). Similar results were found at grade 12. For these reasons, UDL designs for science education need to be based on inquiry using computational models and probes.

A functioning STEM exemplar focused in inquiry with probes and models, and designed using UDL principles would be extremely valuable. It would provide needed research data, stimulate important technical developments, and provide guidance for the development of additional STEM content based on the experience with the exemplar. 

Goals and Objectives

The goal of this project is to fill this need by creating practical science materials designed with UDL principles for students and teachers in inclusive classrooms. The project will create sufficient materials to test the effectiveness of the approach and provide an exemplar that can inspire additional content and further development. 

Objectives

Develop designs for UDL science materials. The project will develop a science UDL design document that is independent of the specific science content, but explicates the principles and software functions that must be part of any science materials.

Develop supporting technology. UDL enhancements will be made in graphing and modeling software and a portal will be developed that controls UDL features for individual students as well as registration, formative feedback, and research data collection. 

Develop student materials. Seven related science modules will be developed suitable for more than one semester of standards-based science in grades 3-6. The modules will be based on learning through guided inquiry using probes and computational models. An energy theme will be used to unite content from earth, physical, and life sciences. 

Revise materials based on formative evaluation. Materials will be tested in a total of 25 classrooms that have geographic, ethnic, and social diversity. A revision cycle will create a final set of materials that incorporate the findings from the formative evaluation. 

Develop professional development materials. Materials will be developed, tested, and revised for a blended face-to-face and online course to prepare the teachers to implement project materials. 

Study UDL and student learning. A summative evaluation of the materials in 25 additional classrooms will focus on the relation of the UDL features to learning for sub-populations of students. The goal of the study is to characterize the use by students and teachers of the UDL functions and to gather evidence about the educational value of these functions. 

Disseminate the materials, technology, and findings. The project will distribute the student materials commercially and make the technologies available as open source. Research results and findings will be actively communicated to researchers, practitioners, parents, and 10,000 readers of @Concord.
UDL adds cost to software development, so before significant UDL curriculum investments can be made, research is needed to determine whether the effort is worthwhile and what kinds of customizations are practical and effective. This project would provide the missing research as well as exemplary, tested materials that incorporate UDL and insights from cognitive research. 

While this project focuses on just part of the grade 3-6 science curricula, the research results and the technologies developed will be applicable to other levels and disciplines of science as well as mathematics and engineering education. The dissemination effort will broadcast the project results and technologies widely. The existence of our exemplar should generate interest among practitioners for more materials, while the designs and technology we develop should simplify the task of creating additional materials in any STEM field. Consequently, this project could have an important influence on materials in all STEM disciplines and levels. 

Prior Work

The proposed project will draw from prior NSF projects on probes, computational models, and teacher professional development. These research strands are briefly mentioned here and more fully in the Appendix. 

Projects Exploring the Educational Use of Probes

Microcomputer Based Labs. In 1983 Tinker’s team at TERC that included Bannasch received three years of funding for probeware development from the NSF Applications of Advanced Technology program. This funded the first work in educational uses of real-time data acquisition and established the acronym MBL. It also undertook the first research in the field (Mokros & Tinker, 1987) and stimulated related research (notably Brassell, 1987; Linn, 1986). This project developed the ultrasonic motion detector and some of the earliest probeware-based products. 

Science Learning In Context. (9/95 – 11/00. $1,992,485 REC-9553639). This project, which included Bannasch and Staudt, was the first focused on educational applications of handheld computers. It developed the first probes connected to handhelds and studied the educational affordances of the resulting portability (Tinker & Krajcik, 2001). 

Center for Innovative Learning Technologies. (7/97 – 3/03. $734,055 subaward, EIA 9720384 and 0124012). Tinker was co-PI of this center and led the “Ubiquitous Computing” theme that had a major role in stimulating research and school acceptance of handheld computers, generating a market for probeware that connects to handhelds (Sabelli & Pea, 2004). Bannasch and Staudt also contributed. 

Technology Enhanced Elementary and Middle School Science (8/00 – 5/03. $1,214,087. ESI-9986419 and 12/03 – 3/07. $1,142,868. ESI-0352522). This pair of projects address the low utilization of probes in grades 3-8 by developing excellent student materials, providing extensive teacher resources and online courses, and developing software that runs on most computers using probes from most vendors. Bannasch directs the technology, and Staudt manages the project. Initial project research documented important learning gains (Metcalf & Tinker, 2004). 

Computational Models

Molecular Literacy for Biotechnology and Nanotechnology Careers (5/04 - 4/07. $899,857. DUE-0402553). Molecular Logic: Bringing the Power of Molecular Models to High School Biology (2/03 - 6/06. $1,416,623. ESI-0242701). Molecular Workbench: Reasoning with Atomic-Scale Models (12/1/99 - 8/31/04. $1,364,944. REC-9980620. Supplemental $189,789. REC-0233649.) These projects developed the Molecular Workbench (MW) and its associated authoring and delivery system. This system allows students to experiment with atomic-scale systems to understand the physical origins of a very wide range of phenomena including phase change, light-matter interactions, chemical equilibrium, and the shape and function of biomolecules. The authoring system permits the easy development and delivery of learning activities and has resulted in over 150 activities in a wide range of science and engineering subjects for grades 6-14 that can be accessed through a database.
 Users from more than 60 countries have downloaded over 10K copies of the software and 100K copies of models and activities. Many of the activities have been carefully tested, revised, and widely disseminated (Berenfeld & Tinker, 2001; Pallant, 2006; Pallant & Tinker, 2004; Tinker, 2000a, 2000b, 2001c, 2005a, 2005b; Tinker, Berenfeld, & Tinker, 1999, 2000; Xie & Tinker, 2006). 

Online Professional Development

International NetCourse Teacher Enhancement Coalition (INTEC). (5/96 – 4/00. $2,856,628. ESI-9554162). This was one of the first online web-based courses for teachers. It was a 125-hour course that addressed the use of inquiry in secondary science teaching, reaching 800 teachers. One of the most important outcomes was the development of an effective model for online courses (Tinker, 2001a) and for preparing moderators for online courses (George Collison, Elbaum, Haavind, & Tinker, 2000). 

The Virtual High School Consortium. (10/96 – 9/01. $9,856,545. R303A960571). This project, funded by the U.S. Department of Education, pioneered online courses for high school students and developed the only low-cost funding model that relies on sharing teachers between schools (Zucker, Kozma, Yarnall, Marder, & Associates, 2002). It continues as a separate nonprofit funded by schools. 

Seeing Math Telecommunications Project. (10/00 – 9/05. $12,060,964. R286A000006). This project, funded by the U.S. Department of Education, pioneered the integration of video case studies and interactive software into online professional development courses (G. Collison, 2006; Galvis & Nemirovsky 2003; Nemirovsky & Galvis, 2004). It prototyped Smart Graph technology we plan to use to provide alternative representations and modes of communication. 

Project Materials

Materials Overview

The project will develop seven two-week computer-based instructional modules that have a unifying energy theme. The materials will be highly flexible so that they can be adapted to individual students’ perceptual and cognitive preferences. They will be suitable for use in grades three through six and aligned with local and state science standards and curricula. Probes will be used for lab experiments and computational models will be used for virtual experiments. 

Universal design principles will be implemented that allow teachers and students to control the appearance of the materials, communication modalities, instructional strategies, content, and assessments. A web portal will give teachers the ability to monitor student progress based on embedded assessments and to change settings for each student accordingly. A major innovation will be a new “smart graph” that has various representations and can interact with the user about salient features of any graph being displayed. A corresponding “smart model” will be developed. 

The materials will undergo one semester of formative testing in 25 classrooms in Acton, MA, Anchorage, AK, Maryville, MO, and Fresno, CA. The four major probeware vendors will provide the required probe hardware. Each district has agreed to provide the additional technology required and to participate fully in the testing. 

Teacher professional development (TPD) materials will be generated for the teachers in the formative assessment, revised, and then evaluated when used to prepare a second group of 25 teachers participating in the summative research in the last year of the project. The TPD will be a blended design consisting of a workshop and online course. An important feature of the TPD will be engaging teachers in customizing the materials to their grade level, curriculum, and standards.

Research Underpinnings

Universal Design for Learning (UDL) has been successfully applied to reading and the language arts where the approach demonstrates that flexible, computer-based materials can help marginalized students, regardless of their ability (Freed, Rothberg, & Wlodkowski, 2003). “Applying universal design to learning materials and activities can increase access for learners with wide disparities in their abilities to see, hear, speak, move, read, write, understand English, attend, organize, focus, engage, and remember” (Rose & Meyer, 2000; 2002). 

The team at CAST has synthesized their extensive experience with findings from cognitive research into the following guidelines (CAST, 2000): 

· Students with disabilities fall along a continuum of learner differences rather than constituting a separate category. 

· Teacher adjustments for learner differences should occur for all students, not just those with disabilities.

· Curriculum materials should be varied and diverse, including digital and online resources, rather than centering on a single textbook. 

· Instead of remediating students so that they can learn from a set curriculum, curriculum should be made flexible to accommodate learner differences.

Research in cognitive factors, such as working memory (Baddeley, 1986; Clark & Paivio, 1991; Paivio, 1986) and multimedia learning (Mayer, 2001, 2003; Mayer & Moreno, 2003), has generated a significant body of findings that suggest how technology could be designed to achieve the goals of UDL (Tinker & Tinker, 2005). Design recommendations based on cognitive research with implications for this project are summarized in the Appendix.

The Design of UDL Science Materials

This project will follow the example of Thinking Reader, which is briefly described in the Appendix. This is a practical realization of UDL ideas that can be customized for individual students, but does not have so many options that teachers and students are overwhelmed. The fact that it is published demonstrates that the theories and research on which it is based can have a practical impact in real classrooms. In the same spirit, this project plans to create science materials that balance flexibility with practicality so that they can be used in classrooms and published, and so they inspire further development. 

It is a common misconception that the “universal” in UDL implies a design that would support students with profound challenges. That is an unrealistic goal, primarily because the most challenged students require highly specialized devices, instructional plans, and individualized instruction outside the classroom. 

Inquiry is the cornerstone of science education and must be central to any UDL design for science. To give the degree of control over the learning environment that UDL requires, it is important that inquiry be brought under computer management. Our approach will allow students to explore the real world using probes and simulated worlds using computational models. This will give students powerful tools in a software environment that allows the tools to be adapted to individuals. We have chosen tools and technologies that can be used in any STEM context, so the results of this project can have maximum impact. This section describes how these tools will be used to achieve the goals of any STEM UDL materials. 

The proposed exemplars will provide a range of alternatives for the way tools are used in the classroom, the materials are represented and communicated, and learning is assessed. These alternatives boil down to a series of software switches and sliders that teachers and students can control in order to individualize the learning experience. The following sections summarize the various alternatives. 

Alternative Representations

The proposed materials will be constructed from three kinds of objects: text boxes, graphs, and models. In Thinking Reader, text can be displayed in different fonts, sizes, and colors. The Exemplar’s text boxes will have the same functionality. The challenge will be to provide comparable functionality for the graph and model objects. They will have full range of display options, including type of display, size, colors, and line width. English and Spanish versions will be available. Vocalization will be used extensively and different voices will be supported. 

Alternative Communications

Thinking Reader can be said to have some semantic intelligence because the text can be selected and read in meaningful parts (e.g., words, phrases, sentences, or paragraphs) and it can explain text using a glossary. The graphing and modeling software would have comparable capacity. 

The graphing object will be based on a prototype Smart Graph software object we have developed, which can generate text and vocalizations that describe the important features of a graph. The central idea is that software can identify semantically important features of an arbitrary graph generated by an equation or data from a probe, or imported from some other source. The kinds of graph features noticed by an experienced graph user can be identified by the software, such as the units and range of the axes, the overall shape, the location of maxima and minima, slopes, noise, and periodicity. This design meets or exceeds all the guidelines for graphs promulgated by the National Center for Accessible Media (2003).

The other major innovation will be a Smart Model based on our MW system. Like Smart Graph, this software would have semantic intelligence about molecular dynamics models and be able to communicate in terms of important features of the display. Features that it would recognize include the number and kind of atoms and molecules, the location of selected atoms, their temperature, pressure and volume, the average potential and kinetic energy, whether liquid or solids are present, when bonds are made or broken, and whether the distributions are random. 

Alternative Instructional Strategies

The Smart Graph and Smart Model software will be the UDL tools used for inquiry. The next level of design involves instructional strategies that use these tools and can be tailored for different students. Again, we turn to Thinking Reader for guidance, in which different reading skills are taught by challenging students with thoughtful questions. UDL is implemented by allowing the teacher to select different levels of scaffolding that help students tackle the questions. We will have a comparable approach that will teach content and inquiry skills through challenges and the provision of various levels of scaffolding. Inquiry skills will be developed in the context of student investigations of the real world using probes and of the world of atoms and molecules using MW models.

Our categories of inquiry skills will be based on the National Science Education Standards (NRC, 1996): identify questions, design and conduct investigations, use tools to gather and analyze evidence, describe the results and make predictions, think logically about conclusions, and communicate results. For each skill, there will be several challenges that require student responses. For each challenge, we will have five levels of scaffolding:

Level 1: One or more examples of good responses are provided. 

Level 2: The student selects the best of several suggested responses. 

Level 3: Parts of a response are provided, but the student is asked to fill in missing content. 

Level 4: Clues are given for data or information that students should use. 

Level 5: Only context-independent scaffolding is provided.

Alternative Assessments

UDL design requires that alternative student assessments be utilized. One of the advantages of electronic media is that students can be assessed in a variety of ways both explicitly and through embedded assessments. The latter are particularly attractive because they provide detailed information without taking away from instructional time. The following assessments will be built into the materials.

Tracking. The software will track how students use the materials. This will include recording student time on each task, task completion, artifacts created, the UDL options selected, and the help or scaffolding requested. For work completed in a work group, the other members of the group will be recorded. 

Performance assessment. Performance assessments will be part of each module using both probes and models. These tasks will be very much like the learning challenges, requesting students to perform an investigation or some part of one, such as data analysis, or communication. 

Electronic portfolios. The electronic portfolio technology developed in TEEMSS will be used extensively for student assessment. Because the SensorPortfolio supports text, drawings, concept maps, and annotated screenshots, it implements the UDL goal of providing alternative forms of student expression. 

Automatically graded quizzes. Because most students need practice using multiple-choice tests and other automatically graded items, quizzes based on these will be included in every module. They have the advantage of providing students with immediate feedback. 

Additional Alternatives

Other UDL features to be implemented include the following: 

Speed control. A slider will control how fast information comes to the student. This one control will set the vocalizing speed, the speed of objects the model, and the rate data are displayed by the grapher. 
Big ideas portfolio. Students will be encouraged to use their personal portfolio to organize their thinking with concept maps, descriptions or illustrations of the driving question, or claims and evidence that frame their current investigation. They will be able to call up their portfolio any time to help orient their investigations. 

Avatars. As in Thinking Reader, age-appropriate avatars with different personalities will provide the scaffolding that can be visual, text, or vocal.

Visual communications. Drawings or animations will duplicate most of the content that is conveyed in text. See the TEEMSS illustrations in the Appendix for the style that has proven effective. 

Screen control. Students will be able to individualize their screen by controlling the number and size of elements displayed. 

Content options. Each module will include parts that are optional. This will allow the module to be tailored to different student interests, grade levels, and amounts of class time. Teachers will be able to determine which students see which options. 

Managing the Options

All these alternatives and options could easily overwhelm both students and teachers. The potential for confusion will be reduced by hiding and grouping options, and by providing templates for combinations of settings that have been found to be useful. Teachers will be able hide or disable any of the options for either all students or individuals. This will allow options to be introduced gradually as students gain familiarity with the system. In addition, options will be grouped, so that selecting one of these groupings will determine many options. Groupings and templates will relieve teachers from setting every control for every student. For example, one group control could disable sound outputs for a classroom without earphones. A template could set up a “low-stimulus” environment for certain students, giving them cool tones, an open screen layout, and low volume. To further simplify the option selection process, the system will remember teacher and student settings so they remain consistent across computers and modules. 

Anticipated Products

Student Materials

To select appropriate content, we have analyzed the grade 3-6 curricula in the collaborating schools. Because of the differences in content and standards, we need to develop seven modules that each require two to three weeks of class time. Each will include a driving question that leads to investigations with probes and atomic-scale models. Energy conservation and conversion will be highlighted in each module, providing a unifying theme. 

The seven modules each treat basic topics that are often taught at these grades, facilitating later dissemination. We will ask the collaborating schools to select three or four of these modules to be used in one semester, giving each school ample options to complete our assessments in one semester and to test the material in different grades. 

The seven modules are briefly described below:

Why are there clouds? This is an earth systems activity on weather, air pressure and temperature, latent heat, and evaporation. The probe investigation will measure evaporative cooling and dew points and the effect of squeezing a plastic bottle. Comparable investigations will be done at the atomic scale using MW.
What do plants eat? This is a life science activity that introduces light and photosynthesis and addresses the pervasive misconception that biomass comes from the soil. The connection between light energy, color, and growth is investigated with temperature and light probes. MW models are used to investigate why leaves are green. 

Is it getting hotter? This is an ecology activity on climate and climate change. The science is about the energy in sunlight and radiated IR, and light absorption by different molecules. Investigations with a temperature probe allow students to explore a physical model of the greenhouse effect. MW provides a model of how greenhouse gasses block light. 

Why does water boil? This physical science activity addresses states of matter and phase change. A temperature sensor is used to measure various boiling temperatures and to see whether the rate of heating affects the boiling temperature. The same investigations at the atomic scale will be undertaken with a MW model. 

What’s a flame? This physical science activity introduces chemical energy and light emission. Unfortunately, open flame experiments violate safety standards, but students can use a temperature sensor to experiment with exothermal reactions and black body radiation. The flame reaction will be investigated using a simplified MW model. 

What if there was no friction? This is a physical science activity focused on force, motion, and energy at astronomical and atomic scales where there is no friction, compared to our scale where we can only approximate the absence of friction. The motion detector will be used to measure the effect of friction on various moving objects. MW will be used in investigations of both atomic and astronomical motions. 

What does soap do? This module addresses solubility from a perspective that can be used in life or physical science. Solubility will be investigated using MW as a question of the energy in forces between water and oil. Light and conductivity probes will be used to investigate real solutions. Soap will be seen as soluble in both oil and water. 

The ideal classroom would have one networked computer per student. This is not unrealistic for a future-oriented project. One-on-one computer initiatives are increasingly popular, currently involving an estimated 250K students (Zucker, 2005, 2006). Five years ago, two-thirds of students lived in families with computer access, half of which had high-speed Internet access (Newburger, 2001). The trend is clearly toward ubiquity. It will, however, be possible to use our materials in classrooms with one computer equipped with a probeware system for every three students and we will include advice on how to do this in our guide to implementation.

Teacher Professional Development Materials

The project will develop a rich set of materials for teachers that will be available separately and will form the core of a blended course. The following materials will be developed:

General Information. We will develop a teacher-friendly review of research on UDL and background report that shows how features in the software are linked to the guidelines for UDL. We will also provide guidance for classroom management given different hardware and probe configurations and a correlation matrix for national, MO, CA, AK, and MA standards. We will use the formative evaluation as a source for a section on teacher-to-teacher advice on managing diverse classrooms and suggestions for different curriculum schedules. 

User’s Guide.  We will develop a technical user’s guide for using probeware and MW, installing and using the teacher portal, and setting up classes and registration. 

Lesson Plans. Each of the seven modules will include lesson plans (from the formative implementation), a description of common student errors and misconceptions, answers to questions with explanations and rubrics for student evaluation. 

The TPD course materials will consist of all the resources above, a syllabus, and schedule for both the face-to-face and self-study portions of the course. 

Community and Caregiver Materials

To provide support for parents, caregivers, and other members of any community where these materials are use, we will provide a popular description of our materials, their educational features, how UDL is integrated into the materials, and our research findings. In addition we will provide ideas for caregivers to supplement instruction by suggesting at-home conversations about each module, related activities and readings, and suggested websites. 

Project Activities

Project Schedule

Materials and software will be developed during the 2006-7 academic year, in close collaboration with teachers and other experts. During that year, there will be some trial teaching with small groups of students after school. During the summer of 2007, the first group of 25 teachers will be introduced to the approach so they can implement the draft materials during the following year. Some teachers will test the materials in fall 2007 and others in spring 2008, giving us two revision cycles and allowing probes to be shared. A second cohort of teachers will receive professional development in the summer of 2008 and final drafts will be tested in their classrooms in the 2008-9 academic year. These steps are described in the timeline below. 
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Meeting the Objectives

The project activities will be organized around the objectives listed above. In the following, the major activities in support of each objective are described as fully as space permits. 

Develop detailed designs for science UDL materials. The project will first review the UDL designs in this proposal and then develop detailed mockups that illustrate the features that will be implemented. These designs will be independent of the specific science content, but incorporate general principles and artifacts that must be part of any science materials. The designs will involve consultation with partner teachers, experts in cognition, CAST, and publishers. The designs will have sufficient detail to define the software functionality needed. 

Develop supporting technology. Application software will be needed to create Smart Graphs and Smart Models that are described above. A platform will be developed for creating, delivering, and controlling the proposed materials. We will use our open source platform technology for logging the choices and responses a student makes (Buckley et al., 2004; Gobert et al., 2004). A web portal will be developed that handles student registration, teacher formative feedback, and research data collection. 

Develop student materials.  Project staff, working with teacher reviewers and consultants, will start by defining the instructional goals and assessments for each activity (Wiggins & McTighe, 2001). The seven modules will be completed in time for review by the Advisory Boards and formative testing in year two. This will be feasible because of the extensive TEEMSS and Molecular Workbench materials and the highly productive MW authoring system. Material for each module has been developed and most include student activities that have been tested in real classrooms. 

Revise materials based on formative evaluation. Materials will be tested in year two in a total of 25 classrooms in four schools that have geographic, ethnic, and social diversity. Formative evaluation will utilize standard observational and interview techniques and extensive data collected by our logging system. The project will develop a computer-based student performance assessment to measure student inquiry skills using probes and modeling. This assessment will be administered to all students at the beginning and end of the semester they use the materials. Based on the formative data, staff will prepare a description of changes needed in the pilot materials and undertake a revision cycle to create a final set of materials that will be reviewed by the Advisory Board. The performance assessment will also be reviewed and revised as necessary. 

Develop professional development materials. The options inherent in UDL, the teaching strategies employed, and the student assessment system will be challenging. The project will learn by working closely with teachers in the formative tests what kinds of information, experiences, and assistance is needed. This experience will be used to create a blended face-to-face and online course for teachers that will be used to prepare the teachers for the summative implementation. 

Study UDL and student learning. A summative evaluation of the final materials will be undertaken in the third year by the external evaluator again using one-semester implementations of the materials. Using the 25 formative sites and 25 new classrooms, the study will focus on the relation of the UDL features to learning for sub-populations of students. The 25 new teachers in the summative evaluation will be recruited from Fresno and Anchorage schools and trained prior to the third year using our TPD materials through a combination of a four-day summer institute and an online self-paced course. Credit will be available for teachers completing a final project. 

The primary student outcome variable will be the computer-based performance assessment administered at the beginning and end of the semester that students use the material. Additional student variables will be the UDL option groups used, any identified special needs, and ethnicity. Teacher variables studied will include science background, years teaching, and instructional style. This study will employ a two-level hierarchical linear model (Raudenbush & Bryk, 1986), where level one will be fit to individual students. In this level, student outcomes will be used as the dependent variable and other student level variables are designated as independent variables. The second level incorporates the regression parameters estimated by the level one analysis as the dependent variable, which are then regressed on the teacher-level data. In this way, the resulting regression estimates are unbiased with respect to the dependency of the student observations due to common teacher level variables.

Dissemination. The project will work closely with publishers and hardware vendors to create a product that can be successful in the marketplace. Tom Snyder Productions has expressed strong interest in this proposal and through their General Manager, will work closely with the project to help ensure its commercial viability. At the same time, we will make the software platform and associated technologies available as open source. Research results will be communicated to the profession and popularized versions developed for practitioners and parents. To reach the widest possible audience, a project website will be created where all project documents can be accessed. We will also write popular articles on the project for @Concord, which is disseminated free to 10,000 readers.

Project Management

Project Evaluation

The role of the project evaluation is to determine the extent to which the project achieves its goals and objectives and successfully executes an effective plan. The project and the materials developed will undergo an independent review by Amie Mansfield, an experienced external evaluator (see Appendix for her CV). She will evaluate project execution and fidelity to plan, and will compile annual reports that will be provided to the project Advisory Board and the NSF. 

The evaluation will address the following questions:

Overall. Has the project met its objectives and schedule? Were objectives and schedules changed? Did any changes result in better utilization of resources? 

Student materials. Did the project produce the instructional activities planned? Do they include the features and content described? 

Formative testing and revision. How was the formative testing conducted? What were the findings? What revisions were made as a result of the formative testing?
Summative assessment. How was the summative testing conducted? What data was collected? How was it analyzed? What are the major findings? 

Technology. What technological functions were generated by this project? How is the new technology related to the needs of the project? 

Professional development. What professional development was provided? Was the program effective in preparing teachers to use the materials? What did the project learn about TPD?

Dissemination. How did the project disseminate its materials and findings? How widely were the materials used? Was there publisher interest in the materials? 

To answer these questions, the evaluator will review the project’s formative and summative data, attend Advisory Board meetings, analyze the materials produced, and interview staff. Each year the external evaluator will visit each of the project sites. The external evaluator will produce annual reports that will be transmitted to the Advisory Board and the NSF. 

Project Staff 

Robert Tinker will serve as Principal Investigator and will be responsible for the overall scientific and educational quality of the grant. An experimental physicist by training, he holds a Ph.D. in low-temperature physics from MIT. He has taught college physics for ten years and has an international reputation as one of the most important educational innovators. He has served on many boards and committees, including the National Academy of Science advisory committee that developed the National Science Education Standards (National Research Council, 1996).

Carolyn Staudt will serve as the Project Director responsible for the overall coordination and budgeting of the project. She will be directly involved in creating and coordinating the development of the curriculum materials and teacher professional development course. She served in this capacity on TEEMSS and was the curriculum designer for several technology and Internet-based projects at the Concord Consortium. Ms. Staudt has twenty years of experience teaching science and math, including physics and chemistry. She holds a Masters of Education in Curriculum and Instruction in science from Kent State University and was a Christa McAuliffe Fellow in 1990.

Stephen Bannasch will serve as the Director of Technology. He graduated in 1982 with a BA from Hampshire College where his thesis involved designing a microcomputer-based monitoring system to measure the performance of an experimental passive-solar home. At TERC, he pioneered with Bob Tinker many of TERC’s efforts in MBL, data-logging, and telecommunications technology, including the development of the ultrasonic motion detector. 

Dr. Andrew Zucker has a doctorate in education from the Harvard Graduate School of Education. He will oversee all aspects of the research regarding school level data. Dr. Zucker has worked with technology in schools since the 1970s and has studied education policy and practice in a wide variety of contexts. He was a Co-director of the project that evaluated the NSF’s Statewide Systemic Initiatives Program, and Principal Investigator of the Ubiquitous Computing Evaluation Consortium from 2002 to 2005.
Dr. Qian Xie will be responsible for the software development. Author of the Molecular Workbench, he is the primary computational scientist on the project, responsible for adding functionality to MW. Dr. Xie holds a Ph.D. in Materials Physics from University of Science and Technology, Beijing, and held post-doctoral appointments at the Dresden Max Plank Institute and the University of Cyprus.

Advisory Committee

Richard Abrams is the General Manager of Tom Snyder Productions, a Scholastic Company. He is a member of the board of Concord Consortium and several other nonprofits. Rick has guided the growth of Tom Snyder Productions from a start-up company into one of the leading educational software publishers in the K-12 market. 

Bonnie Bracey is a consultant for the George Lucas Educational Foundation, and a teacher-agent of change, specializing in the use of technology to change the way teachers teach and students learn. Bonnie is a former Christa McAuliffe Educator, and a winner of several awards. 

Sherry Hsi is the Director of Research and Evaluation for the Center for Learning and Teaching at the Exploratorium. In 2004, she won a MacArthur Foundation grant to explore digital-mediated learning among next generation youth. She holds a Ph.D. in education from Berkeley. 

Joseph S. Krajcik is a professor of science education in the School of Education at the University of Michigan, where he co-directs the Center for Highly Interactive Classrooms, Curriculum and Computing in Education. He holds a Ph.D. in Science Education from the University of Iowa.

Joe Oliver, Director of Instructional Technology for Los Angeles Unified School District is an administrator and mathematics/science teacher. Joe has also authored, co-authored and consulted for grants worth over 70 million dollars from state and federal agencies.

David Rose is the Founding Director/ Chief Scientist in Cognition & Learning for CAST and the leading authority on UDL. He is a member of the Concord Consortium Board. Dr. Rose holds a doctorate in education from the Harvard Graduate School of Education where he teaches. 

Raymond Rose is an independent education specialist with over 20 years of experience working in schools as a trainer, consultant, and policy maker. He directed several teacher professional development projects at the Concord Consortium and served as vice president.

Eugene Stanley leads an interdisciplinary research laboratory, the Center for Polymer Studies, at Boston University.  He has co-authored 820 scientific papers and 14 books and spends a major fraction of his time in education, where his primary contributions have been in the application of chaos and fractals and, more recently, molecular dynamics.

School Partners

All four school partners are firmly committed to the project and can provide one computer per student. Their letters in the Appendix confirm their enthusiasm for this project. 

Fresno Unified School District has a very diverse student population of 78,000 students, which are 55% Hispanic, 16% Asian, 17% White, 11% Black, and 1% Native American. More than 80% qualify for free or reduced meals. 

Horace Mann Laboratory School is located on the campus of Northwest Missouri State University in Maryville, Missouri. Maryville serves a rural, farming region experiencing a high rate of poverty. Currently, they provide free and/or reduced federal lunch program to 15% of the student population and the diversity rate averages between 12% and 15%. 

Douglas Elementary School, in Acton, MA, has a K-6 program consisting of 21 classes with a 25% non-White population. The school has a 13 station computer lab staffed by computer specialists. 

Anchorage School District enrolls over 50,000 students with 41% ethnic non-Whites. Over 33% of ASD students now live in poverty, and this proportion is increasing. 
Vendor Partners

Data Harvest Educational, Fourier, PASCO, and Vernier Software & Technology—the leading probeware vendors—have all agreed to support the project (see attached letters of support) and each has promised to provide two classroom sets of probes. 
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