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Introduction

The Science and Mathematics Teaching Center (SMTC) at the University of Wyoming has been collaborating with the College of Education on revising the Ph.D. program for Mathematics Education and the Ph.D. program for Science Education.  Currently the programs are under a college wide Ph.D. in Education which requires a significant number of general education courses (16 hours), an advance research core of courses (12 hours), and the standard dissertation hours (16 hours).  These required 44 hours of courses leave too little room for innovative cognates in mathematics and apprenticeship experiences.  We are striving to create a novel Ph.D. program that integrates concepts of complexity and uncertainty in mathematics and science, integrated science and mathematics cognates, and apprenticeship experiences in mathematics and mathematics education.

Complexity science, computational science, and cognitive science, provide new paradigms for the study of mathematics education.   First, complexity science can serve as a driver for both mathematics content and mathematics education.  Two of the most pressing and complex problems of our time, energy resources and environmental issues, require citizens that can bring an integrated mathematics and science perspective to bear on the problems, as well social, political, and economic lenses.  These issues will provide the context for the study of complexity and uncertainty in our program.  Complexity theories can also be applied to the science of learning systems, accounting for the interactions of multiple agents, as opposed to the study of individual components of a system (Davis & Simmt, 2003).  The field must move beyond efforts to bridge individual learning and social learning, to trying to understand the emergent classroom community.  Second, cognitive science provides theoretical underpinnings for the teaching and learning of mathematics. Findings in this field are having a major influence on how the teaching and learning of mathematics and science are viewed.  Third, computational science with its focus on modeling scientific phenomena, large data base analysis, and computational efficiency is driving efforts at integrating science and mathematics.  The integration of science with mathematics through modeling should impact K-12 schools in significant ways, making this an important potential driver for the Ph.D. program.  

Ph.D. programs need to develop future leaders with expertise in issues of complexity, uncertainty in modeling, and in integrated approaches to science and mathematics.  At the University of Wyoming we are revising our Ph.D. program to include:

Cognates in key areas:

· Mathematics Education Cognate  with an emphasis on complexity, uncertainty, and rural education
· Mathematics Cognate with an emphasis on mathematical modeling, simulation, and applied algebra
· Cognitive Science Cognate specializing in mathematics cognition, learning theory, and assessment
Immersion in authentic mathematics education and teacher education experiences, including:

· Teaching apprenticeship in undergraduate mathematics and mathematics education
· Outreach apprenticeship in professional development through the Science and Mathematics Teaching Center (SMTC)

· Mathematics education research experiences in the study of teaching and learning complexity and uncertainty and rural education
· Mathematics research experiences in modeling and computational sciences, potentially in conjunction with the NCAR Super Computing facility coming to Wyoming 
In this paper we will discuss the components of such a program and why they are important.
National Trends

Reys, Teuscher, Nevels, and Glasgow (2007) researched current doctoral programs in mathematics education.  They found that over half of the institutions in the United States require a student pursuing a secondary emphasis in mathematics education have a BS/BA in Mathematics or Mathematics Education and over half strongly encouraged applicants to have a master’s degree in one of these areas.  The institutions in the study reported that the strongest areas of emphasis in mathematics education doctoral programs are Research in Mathematics Education (98%), Research Methods (97%), Mathematics Content (90%), Learning Theories (83%), Teaching/Professional Development (83%), and Mathematics Curriculum (80%).  The Association of Mathematics Teacher Educators (AMTE) and the National Council of Teachers of Mathematics (NCTM) established Principles to Guide Doctoral Programs in Mathematics Education ( AMTE & NCTM, 2002) in which they supported the areas of emphasis identified above.  They emphasized the need for the mathematics content to broaden and deepen the mathematical knowledge around the big ideas in the pre-K-14 mathematics curriculum and to examine how those ideas develop throughout the curriculum.  They recommended the inclusion of seminars, clinical experiences, internships, assistantships, and independent study to support coursework.   
The revised Ph.D. program at the University of Wyoming will incorporate these recognized components and recommended approaches.  We also wanted to build on the strengths of the University of Wyoming in the areas of energy and environment. The nexus between energy and environment is complex and uncertain, lending itself to study through computational science and mathematical modeling.  Our goal is to integrate cognates between a Ph.D. in Science Education and a Ph.D. in Mathematics Education, using energy and environment issues as the context.
Energy and Environment Nexus Driver

 By the year 2050 the ever increasing demands for natural resources, energy, and water will require two planet Earths to satisfy.  Worldwide issues of natural resource depletion, energy consumption, CO2 emissions, climate change, and water shortages will be the pressing scientific problems of the next generation.  A driving force in research will be the resolution of the natural resources, energy, and environment crisis confronting the world.  Research addressing this issue will be interdisciplinary, require the collection and analysis of large amounts of interrelated data using technology, and engage scientists and politicians in complex problems with both scientific and social consequences.  The real-world energy-environment nexus should be a driving force in science and mathematics education across the K-16 continuum, so we have an educated democratic citizenry that can make informed decisions and one that has opportunities in science and mathematics related careers.  We want to create innovative Ph.D. programs in science education and mathematics education with an emphasis in energy and environmental education which:

1. develops teacher educators who are leaders in integrating the concepts of complexity and uncertainty in mathematics and science into the K-12 classroom;
2. develops researchers addressing the significant research question:  What is the cognitive capacity of K-12 students to develop a conceptual understanding of issues of complexity and uncertainty in mathematics and science?
To accomplish this we will create an energy-environment cognate consisting of a collection of courses where mathematics education and science education graduate students apprentice with mathematicians and scientists to develop expertise in energy and environmental sciences.


The graduate students in this cognate will develop expertise in cutting-edge science addressing the energy-environmental nexus so they can study its integration into the classroom at the K-12 levels.  Problems in this area require an integrated science and mathematics approach supporting expertise in the collection and analysis of large data sets, modeling of those data sets to make predictions, and integrating resources from science and politics to determine policy decisions.  The Haub School of Environment and Natural Resources (HENR – policy issues in environment), the School of Energy Resources (SER – research on energy issues and alternative energy resources), and the Program in Ecology (PiE - expertise on diverse ecological aspects of energy development) at the University of Wyoming will partner to provide mentoring and collaborative research opportunities in the interplay of energy and environment.  Special seminars will bring together graduate students with faculty in education and the sciences to explore issues of how energy and environment research should and can impact K-12 classrooms.  

Permeating the STEM classroom from K through 16 with the energy-environment nexus will require substantial change in the educational system.  This change must include the creation of curricula appropriate for different grade levels, authentic assessment tasks that measure students’ conceptual understanding, content-based professional development that enables teachers to enact the curricula in meaningful ways, and research into the cognitive development of children with respect to issues of complexity and uncertainty.  The Ph.D. programs will develop future mathematics educators and science educators that can address these future needs. 
Complexity and Uncertainty Drivers


The Energy and Environment Driver provides a context for the principal themes driving the Ph.D. program: complexity and uncertainty.  Energy and environmental research represent two strengths at the University of Wyoming, so they are a natural choice as a context for our university.  While the context may differ depending on a university’s strengths, the themes of complexity and uncertainty can be universal drivers for Ph.D. programs in mathematics education and science education.  These themes lead naturally to a focus on computational science issues such as large database analysis and modeling, as well as technology’s impact in the area of data collection, visualization, and data analysis.  The graduate students will research the developmental aspects of students exploring complexity, uncertainty, modeling and scale in mathematics and science.  What are the developmental aspects of gathering information, representing and modeling that information, analysis using technological tools, and decision making when there is a level of uncertainty?  What are the appropriate developmental levels and learning trajectory for complexity and uncertainty across K-16 grade levels?

COMPLEXITY: Why complexity as a driver? The energy-environment nexus is a non-linear complex adaptive system with a number of diverse and independent agents, including scientific, social, and political, that are constantly changing and interacting with each other.  Environmental challenges such as climate change and the loss of biodiversity display non-linear response, long range correlation, and disequilibrium through significant fluctuations leading to extreme events (Canziani, 1999; Hallam & Funasaki, 1999; Hull & Falcucci, 1999; Jorgensen, 1999; Giampietro, Mayumi, & Pastore, 1999, Svirezhev, 1999). Complexity science provides a theoretical framework for studying such complex adaptive systems (Kelly, 1994; Waldrop, 1992, 1996; Wheatley, 1999).  Complex systems are non-linear, meaning that a small perturbation may cause a large effect (butterfly effect), a proportional effect, or no effect at all.  Complex systems are open in that they are far from equilibrium, but they change over time in ways that can influence future states and therefore may produce emergent phenomena.  The Ph.D. program will endeavor to have students move from viewing the natural world through a machine-like reductionist perspective where a complex system is understood by taking it apart and examining the components, to a complexity science view where there are a number of diverse and independent components constantly changing and interacting with each other.  Studying only the components of energy and environment in isolation produces an incomplete understanding of the whole.  Complexity science suggests that the natural tendency in problem solving of breaking down the problem into parts and solving a simpler problem is not sufficient for complex problems.  A better approach to solving complex problems is to implement multiple approaches and then gradually shift time and attention towards those things that seem to be working best.


Davis and Simmt (2003) of the University of Alberta have turned the lens of complexity onto learning in mathematics.  This provides a dualistic use of the complexity science perspective; not only are mathematics and science driven by issues of complexity, so is the teaching and learning of science and mathematics.  They are researching the application of principles of complexity to the teaching of mathematics.  Complex systems are adaptive and emergent.  They define how a complex system adapts in a Darwinian evolution manner, changing its own structure; and how it is emergent in that it is composed of and arises in the co-implicated activities of individual agents.  The central thesis of their work is that mathematics classrooms are complex systems in and of themselves, systems which are adaptive and self-organizing.  The contrast between current theories of knowing, such as constructivism, with complexity theories of knowing is striking.  The constructivist epistemologies are focused on particular phenomena, such as an individual’s or group’s construction of knowledge.  But complexity science
 is concerned with a range of nested learning systems which includes the co-implicated processes of individual sense-making and collective knowledge-generation.  We might say that complexity science is more a meta-discourse, useful for reading across theories that are concerned with different levels or aspects of complex nested learning systems (Davis and Simmt, 2003).
This view implies that we must move beyond efforts to bridge the phenomena of individual and social learning; from constructivism to trying to understand the emergent classroom community.  It is our goal to take a complexity science view of the learning and teaching of mathematics and science in our programs.

UNCERTAINITY: Why uncertainty as a driver?  The energy-environment nexus, as in many other areas of mathematics and science, requires that decisions be made with an acceptable level of uncertainty.  The theoretical framework of uncertainty analysis is relevant to the Ph.D. programs’ desired outcome of students working with uncertainty in mathematics and science.  Uncertainty analysis aims to quantify the overall uncertainty associated with the response as a result of uncertainties in the model (Sayers, Gouldby, Simm, Meadowcroft & Hall, 2002).  Uncertainty is divided into natural (aleatory) variability which refers to the randomness observed in nature and knowledge (epistemic) uncertainty which refers to the state of knowledge of a physical system and the ability to measure and model it.  In science knowledge is often captured through an imperfect model or theory, causing the boundary between natural and knowledge uncertainties to blur and change over time.  Analysis of knowledge uncertainty has three key components: define what is uncertain in the modeling process (sources of uncertainty), define how to quantify output uncertainty consequent on the sources of uncertainty, and define how to condition the uncertainty estimate as data on model-predicted variables become available.  Students studying the energy-environment nexus will examine large data sets, create a conceptual model and represent it quantitatively with a graph or equation, and finally implement a procedural model that will provide quantitative predictions (Abbot, 2002; Beven, 2001).  The model may not be an accurate mathematical description of the physical processes, so it is subject to three different forms of knowledge uncertainty: process model uncertainty (all models are an abstraction of realty and so have inherent error), statistical inference uncertainty (error in estimating the population from a sample), and statistical model uncertainty (multiple models may fit the data equally well over the sample, so which is best for extrapolations/interpolations).  Mathematical and statistical quantitative aspects of modeling large data sets will be an enduring understanding that is valued as a student outcome in the Ph.D. programs.


Analyzing complex problems in the energy-environment nexus requires modeling large sets of data.  There are a number of large, natural sciences data bases available for students to analyze such as:  World Data Center System: NOAA’s National Geophysical Data Center, Boulder, CO; Water Events Worldwide: United Nations Educational Scientific and Cultural Organization; Global Change Master Directory: Goddard Space Flight Center; and Global Resource Information Database: United Nations Environment Program – Sioux Falls, SD.  The analysis of the data will require both quantitative and qualitative methods, including developing mathematical models to use for studying trends and making predictions.

Integrated Science – Computational Science Driver

 The types of complex environmental, energy development and related issues facing society today simply cannot be addressed by any one traditional discipline or approach, and they cannot be resolved by basic or applied science alone.  In response to this and related problems identified by the National Science Board (NSB, 2000), the National Science Foundation (NSF) convened the NSF Advisory Committee for Environmental Research and Education.  This committee’s report entitled “Complex Environmental Systems: Synthesis for Earth, Life, and Society in the 21st Century” (Pfirman, S. and the AC-ERE, 2003) presents a challenge “…to develop environmental synthesis to frame integrated interdisciplinary research questions and activities and to merge data, approaches, and ideas across spatial, temporal, and societal scales.  An essential part of this process is the effective communication of scientific information, models, and conclusions to and among researchers, educators, students, resource and industrial managers, policy makers and the public.”

These recent NSF reports directly relate to the real-world complexities and uncertainties associated with analysis and management of any energy-environment project or policy, which can be among the most complex and difficult issues facing society today.  As such, these kinds of projects and policies demand an interdisciplinary approach, encompassing the traditional disciplines of the physical, natural and social sciences; mathematics and statistics; law and politics (and more).  This Ph.D. program will integrate graduate students into an interdisciplinary mix already in use at the University of Wyoming to conduct cooperative course delivery and research in the Haub School of Environment and Natural Resources, the new School of Energy Resources and the Program in Ecology. 

The Haub School of Environment and Natural Resources (ENR) strives to prepare students to address societal complexity and uncertainty associated with estimating environmental responses to energy development scenarios, ENR coursework and research strategies use a “problem-based learning” approach, wherein student teams, guided by faculty mentors, attack a highly complex and seemingly intractable real-world project or policy problem and complete a major integrated assessment of the project or policy consequences.  A graduate capstone experience and research opportunities will bring students and faculty from disparate disciplines together, serving as culminating experience for students in their preparation as practitioners and educators.

Several of the modern integrating approaches to deal with the complexities and uncertainties of major energy-environment projects and policies that are used in these courses and research projects include the following:  conceptual modeling of complex science and management options for understanding the key drivers of environmental responses to energy development alternatives (Henderson and O’Neil, 2004); risk analysis models for estimating rate functions within action-response networks in energy-environment systems provided by the U.S. Environmental Protection Agency in 1998; adaptive management strategies for handling major uncertainties inherent in energy-environment project tradeoffs, including staged development (e.g., partial oil field development), monitoring of environmental and economic responses, and altered next-stage development strategies; and collaborative education and involvement strategies for engaging decision-makers, stakeholders and the public in project and policy related decision making from the Council on Environmental Quality in 2006.  

Cognition Driver


The research program for the Ph.D. will focus on cognitive science related to the learning and teaching of complexity and uncertainty in STEM disciplines.  Cognitive science is the interdisciplinary study of mind and intelligence, embracing philosophy, psychology, artificial intelligence, neuroscience, linguistics, and anthropology.  The theoretical framework for cognitive science includes:

· computational models analogous to mental operations complementing psychological experiments on deductive reasoning, concept formation, mental imagery, and analogical problem solving

· linguistic approach to identify grammatical principles that provide the basic structure of human language

· neuroscience focus on the nature of the brain and what regions are involved in mental imagery and word interpretation

· cognitive anthropology using ethnographic methods to explore culture influences in cognition
· The expert-novice cognitive research is influential in cognitive science
We want to develop graduate students with the capacity to be experts in cognitive science in the area of STEM disciplines.  The program of study on complexity and uncertainty will incorporate cognitive and affective analysis of how students develop such reasoning across STEM disciplines and across the divide of high school and college.  A focus on how student cognitive misconceptions of complexity and uncertainty develop and methods of addressing those issues will be studied.  Current cognitive science theoretical approaches about how the mind works will be incorporated into the study, including mental representations interpreted as formal logic, rule-based systems, concept schema and scripts, analogies in problem solving, and visual and spatial imagery.


Graduate students will engage in research on children’s cognitive development in the area of complexity and uncertainty in science and mathematics across the K-12 grade continuum.  A component of the field internship will be the engagement of a cohort of research scholars in a common research agenda focused on children’s cognitive development in this area.  This development will encompass students’ ability to model complex problems, critical thinking, reasoning, communication, and problem solving processes.  Cognitive science research will be brought to bear on what energy and environment topics are appropriate on varying grade levels and on the learning trajectory for computational science and mathematical reasoning that support this science.  A number of questions related to the complexity and uncertainty concepts will be of interest.  What impact will integrating issues of complexity and uncertainty into the science and mathematics classroom have upon student’s ability to critically reason about and solve complex problems?  What is the level of cognitive processing that can be elicited across the K-12 science and mathematics curriculum by engaging students in large database research and technology-based data gathering?  How do we promote conceptual understanding of science and mathematics through the study of complexity and uncertainty?  What is the affective impact of engaging students in the real-world problems of complexity and uncertainty?  What is the impact on student achievement gaps in science and mathematics for underserved populations in an integrated science and mathematics approach addressing complexity and uncertainty?  

 The focus on complexity and uncertainty in mathematics and science education carries with it questions of developmental and conceptual ability of students across the K-12 continuum.  Graduate students will need to be versed in cognitive science in order to study this question.  Efforts by psychologists to understand the acquisition of scientific knowledge and knowledge about scientific method, though reflecting variety in theoretical orientation, have illuminated important factors in the development of scientific understanding. One such factor is the role of prior knowledge of the domain which has been shown to figure importantly in the formulation of questions and hypotheses (Klahr, Fay & Dunbar, 1993; Penner & Klahr, 1996; Schauble, 1990; 1996). Another is the ability to distinguish between, and to coordinate, theory and evidence (e.g., Klahr & Dunbar, 1988; Kuhn, Amsel & O’Loughlin, 1988). Carey & Smith (1993) have noted that many students do not recognize that science is fundamentally a theory-building endeavor. Another factor that may influence the development of scientific reasoning is awareness of one’s own thinking; recent studies in children’s “theory of mind” have suggested important developmental changes that may bear on this element (e.g., Chandler, Hallett & Sokol, 2002). Several lines of research have converged on the characterization of children as moving from a view assuming straightforward, sensory-based knowledge in which truth is an easily obtained objective to a view in which science is admitted to involve active interpretations of deliberately staged experiments, mental manipulations, and theories (i.e., frameworks for knowledge that may yet contain uncertainty) (Carey & Smith, 1993; Grosslight, Unger, Jay & Smith; 1991). Thus, children’s understanding of models as a scientific tool undergoes significant change. These known factors in the development of scientific thinking will be taken into account (maybe even treated as aspects of manipulations and/or measured outcomes) in activities fostered by the proposed program.
Apprenticeship Drivers


The graduate students will develop personal and professional skills by engaging in a professional apprenticeship model.  They will work as a community of scholars on issues of complexity and uncertainty in mathematics and science education.  As members of the community they will attend seminar series focusing on STEM research and education issues.  They will complete a research project and present the results at a regional or national meeting.  They will submit a state and national grant supporting the dissemination of their research and broadening its impact.  The grants will provide for continued research on complexity and uncertainty in science K-12 classrooms, as well as the development of curricula.  The cohort will publish papers in STEM education in collaboration with faculty in science and education.  

STEM RESEARCH PROJECTS (at pre-dissertation stage):  The doctoral cohort will engage in integrated mathematics and science research internships with University of Wyoming mathematicians and scientists in the areas of energy, environment, and computational science at the pre-dissertation stage.  They will participate in the numerous seminars offered through HENR, the PiE, and SER, which invite national and international speakers to the University of Wyoming.  In collaboration with HENR and SER, the graduate students will participate in a research and policy project on energy and environment.  They will have the opportunity to interact with the internationally renowned board of advisors for the HENR.  They will also have opportunities to collaborate with mathematicians and scientists working on modeling projects with the National Center for Atmospheric Research (NCAR), including use of the new super computer to be built in Wyoming.

STEM EDUCATION – Preservice Teacher Apprenticeship:  Graduate students will partner with College of Education faculty to integrate complexity and uncertainty in mathematics and science into the professional development of K-12 pre-service teachers. With recent education reforms focused on a socially-relevant science curriculum and incorporation of exciting discoveries and applications, the role of scientists in teacher professional development has become paramount (Drayton & Falk, 2006). In pre-service science teacher development programs it is believed that integrating scientific experiences benefit the field “by exposing them [students] to the leading-edge techniques/technologies.” (Bloch, 1990, p. 841). 

Most programs involving mathematicians or scientists and teachers working in collaboration are limited to sporadic experiences for both groups, with management and control mostly executed by the invited higher education faculty member. There have been different ways in which scientists have been involved in science teacher education programs. For instance, a scientist and science teacher team teach a lesson (Anderson, 1993; Wier, 1991), or participate in summer internships that include meetings during the following year. This proposal is oriented towards establishing a new model in mathematician-scientist-science teacher collaboration. In our program, both pre-service and in-service teachers are engaged in addressing issues related to energy and environment. Experts in the field and researchers (i.e., graduate students, scientists) assist pre-service teachers during their junior and senior years. This is a crucial stage in the mathematics and science teaching certification program because it is when pre-service teachers incorporate their content knowledge into the planning, implementation and assessment of teaching and learning before their residency semesters and full-time careers. This partnership effort is also significant because mathematics and science educators, as recommended by the National Research Council’s standards, are to seek connections with other groups of practitioners within the local, national and international community. Therefore, there is evidence that highlights (1) the merit of this collaboration, especially from the standpoint of the value of pre-service teachers’ involvement in research experiences, and (2) mathematics and science teachers gain great understanding of the scientific enterprise and its features (i.e., uncertainty) in connection to science teaching (Cunningham & Helms, 1998; Helmer, 1997).


The scientist (graduate student)-pre-service science teacher collaborative work in this proposal is focused on features such as uncertainty and complexity of the scientific knowledge as central characteristics of the scientific practice. This is a valid framework that researchers (Bowen, 2004; Roth, 1995; Varelas, House, & Wenzel, 2005) have used to understand and associate the practice of science in educational settings. The finished science products, as reported in science textbooks, are not the only pictures we want our pre-service science teachers to portray and show in their classrooms. They need to tell their student not only ‘where we are not (knowledge of science) but also how we get there (knowledge about science)” (Wandersee, 1992, p. 428). Science is a human endeavor and builds a type of knowledge that is durable but tentative. These are features that translate into attitudes educators observe in their classrooms; human curiosity oftentimes has resulted in scientific breakthroughs as scientists wonder about reality or practice their problem-solving skills to tackle phenomena in nature. This approach to scientist-science teacher connection highlights the goal of our STEM teacher education by “helping science teachers challenge and refine their ideas about teaching and learning science and learn how to learn from experience” (Bryan & Abell, p. 137).   

STEM EDUCATION – Outreach Teacher Apprenticeship:  The graduate students will also work with teams of K-12 teachers, scientists and mathematicians, and science and mathematics educators in an outreach internship lead by the Science and Mathematics Teaching Center (SMTC) at UW.  The internship will place them in a leadership role in providing professional development for teachers in the field.  The professional development theme will be complexity and uncertainty issues in energy, environment, and computational science.  Partner K-12 schools in Wyoming that are teaching environmental and energy issues in the classroom (Journey School, Jackson; Star Lane Academy, Casper) will serve as partners in research on student development of understanding complexity and uncertainty in science and mathematics.

Recruiting, Retention, and Diversity


If the graduate students are to become leaders in mathematics and science education around the country, it is important that they be broadly representative of diverse ethnic, racial, and cultural backgrounds, gender, non-traditional students and international students.  A comprehensive recruitment plan will be developed with special emphasis on locating prospective students from these underrepresented groups.  The President’s Advisory Council on Minorities’ and Women’s Affairs was established at UW to provide funding for diversity-related activities and to support recruitment and retention efforts.  Additional funding to support recruitment of these five graduate students will be sought from this source which is available throughout the year.

A team of University of Wyoming faculty who are Hispanic, Native American and African American from across campus have met and agreed to take a lead role in recruiting and mentoring underrepresented graduate students for the program.  They include Professor of Educational Studies, Dr. Francisco Rios; Director of American Indian Studies, Dr. Judith Antell; Director of African American Studies, Dr. Gracie Lawson-Borders; Director of Chicano Studies, Dr. Ed Munoz; Director of Employment Practices and Affirmative Action, Dr. Nell Russel; and Professor of Secondary Science Education, William Medina-Jerez.

Students will be recruited from within the University of Wyoming and from other universities, as well as potential students who are working in professions.  Recruitment will start at UW with all of the science-related departments and College of Education to identify potential candidates among their students completing bachelors and masters degrees.  In addition, presentations will be made to the McNair Scholars on campus (a graduate school preparation program at UW for low income and first generation college students) as well as students who have participated in the federally-funded TRiO Math Science Initiative at UW, the Summer Research Apprentice Program (SRAP) and the Minority Engineering Program.  Partnership programs such as the one that UW has with Shanghai University to train undergraduates in the sciences will also be contacted.  We will collaborate with the Graduate School and a variety of UW academic departments and programs in their outreach efforts including the Minority Student Recruitment program.  Recruitment from other universities will focus on Minority-Serving Institutions (Historically Black Colleges and Universities, Tribal Colleges, and Hispanic-Serving Institutions); large public universities with good minority recruitment programs, such as UCLA, the University of Michigan, and the University of Texas at Austin; private colleges and universities that do an excellent job of enrolling a diverse student body, such as Harvard, Stanford, Wesleyan, and Yale Universities; majority institutions with large minority enrollments, such as Arizona State University;  and intervention programs with good track records, such as the Meyerhoff Program at the University of Maryland (a program that focuses on highly able African-American students who aspire to become leading research scientists and engineers – some may be interested in a career in teaching in higher education).  Faculty and staff will also contact science and education departments at universities that do not offer PhD programs in their specific areas and ask them to recommend good candidates.  


Specific strategies for identifying and attracting members of underrepresented groups who are working in various science-, education-, environment- and energy-related professions include recruiting at various conferences, advertising in their publications and websites, and sending direct mail.  Organizations will include the Society for the Advancement of Chicanos and Native Americans in Science, the American Indian Science and Engineering Society and its college chapter at UW, the Society of Hispanic Professional Engineers, the National Association for Multicultural Education, and the National Science Teachers Association and its affiliate Association for Multicultural Science Education.  The graduate program opportunity will also be advertised to teachers currently teaching in the sciences in Wyoming and the region.

A Summer Research Institute for Graduate Students will be held with the express goal of recruiting underrepresented students for the doctoral program.  The institute will introduce prospective students to STEM and STEM education faculty, allowing them to explore common research interests and examine labs.  The prospective students will also meet with faculty to discuss issues of support and mentoring at the University of Wyoming.  The University has strong student support groups and student services.  The graduate students will have mentors and advisors who will have been provided with special training.  A special emphasis will be placed on involving the graduate students in research, professional societies and the intellectual life of the university.  


The University of Wyoming will provide a rich experience for students from diverse backgrounds.  The graduate students will work with highly diverse urban public schools in Denver as well as rural tribal schools in Wyoming as part of their program.  UW has well-established relationships with schools in both areas that have been a part of the education program for all teacher-education candidates for many years.  Diversity is supported and encouraged through the UW President’s Advisory Council, the Ethnic Studies Program, Martin Luther King Days of Dialogue, the Women’s Study Program, and the nationally renowned Shepard Symposium on Social Justice.  In addition, the University of Wyoming has a new initiative, the Social Justice Research Center, which will provide graduate students additional mentoring and research support.
Summary

The proposed Ph.D. in Mathematics Education incorporates cognates and apprenticeships that will engage the students as practitioners in a community of STEM scientists, mathematicians, and educators.  The primary drivers of complexity and uncertainty motivate an integrated science approach based in modeling real-world phenomena using mathematics and technology.  Graduates of such a program are uniquely poised to address pressing needs in K-12 STEM education.  There is a pressing need to move curricula from the current silo approach to teaching mathematics and science as a collection of isolated facts, to an integrated approach that coalesces STEM disciplines around real-world problems.  There is a pressing need to provide preserve and inservice teachers with professional development that prepares them to teach mathematics and science through a problem/project based pedagogy that engages and motivates students by demonstrating the utility of science.  There is a pressing need to develop teacher educators that are enculturated into the STEM communities way of knowing (what does it mean to DO science or mathematics) and reflect the central concepts of scientific inquiry and mathematical problem solving/proof in their practice.  Finally, there is a pressing need to bring educational research in the area of cognition to the classroom in a way that impacts teacher’s practice and student learning.  
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