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The traditional mode of completing a Master’s program and teaching for several years before entering a doctoral program has not met the needs of the profession. The Appalachian Collaborative Center for Learning, Assessment, and Instruction in Mathematics, with funding from the National Science Foundation, created a multi-institutional, cohort model for doctoral students studying mathematics education with an emphasis on the issues and concerns of rural areas.  West Virginia University, University of Kentucky, Ohio University, University of Louisville, and University of Tennessee collaborate in order to provide courses in mathematics, mathematics education, research and rural education. Distance education, summer institutes and an internship prepare students for research in the teaching and learning of mathematics in rural settings.

Introduction
The Carnegie Foundation devoted five years to the study of the future of doctoral education. Their work defined the purpose of doctoral education as preparing “stewards of the discipline.” Stewardship embodies not only a knowledge base, but also a philosophy or set of principles. The holder of a doctorate should be capable of generating new knowledge, conserving the most salient existing knowledge, and transforming knowledge through representing and communicating those ideas clearly and effectively to the benefit of society (Golde & Walker, 2006). 
Reys, Teuscher, Nevels and Glasgow (2007) acknowledged that the shortages of people with doctorates in mathematics education, first documented a decade ago (Reys, Glasgow, Ragan & Simms, 2001) is still hampering the discipline. Approximately half of those completing the doctorate return or remain in their current position. Positions in top institutions often take from two – three years to fill. Teacher preparation, quality research, and policy development suffer from this shortage. 
The traditional mode of doctoral education follows the scientific mode where students complete a Bachelor’s degree during which the best are guided into graduate work. After completing a Master’s, a subset of the previously best are guided toward research and into a doctoral program. This model has created a highly talented supply of researchers and scientists. However, moving that model to education creates an inexplicable conundrum. Many doctoral programs in education require three more years of classroom teaching. This requirement makes sense in that preparing future teachers and doing research in teaching and learning needs to be grounded in the reality of the classroom. But, by the time potential students in education have met entrance requirements, they have accrued family and debt. Returning to graduate student poverty is not a realistic option. A full-time, multiple-year commitment is considered the gold standard for a quality program.
Both admission and residency requirements are impediments for many students. Admission requirements do vary and some programs admit those with little or no teaching experience. But, then upon completion of the degree, these new Ph.D.s often find their employment options limited in that some accreditation (NCATE) standards require those preparing teachers to have had classroom experience. Therefore, top tier programs turn away highly qualified candidates in order to be fully accredited. Residency requirements also vary from program to program in nature and administration. Some programs accommodate part time students who are holding full time jobs and the residency requirement is met by taking x number of credit hours within a specified period of time. This meets the letter of the requirement if not the spirit. The intent of the residency requirement is focused on spending a significant period of time working in a research oriented environment with researchers active in the field. Unfortunately, even for full time students this can degenerate into time spent assisting the institution in low cost teaching and tasks other than research.

Rural areas, with their geographic isolation, make pursuing an advanced degree even more problematic. With the nearest universities often four or more hours away by car, teachers are unlikely to be able to pursue advanced degrees even on a part time basis.  Add to that the poverty and lower teacher salaries, continuing one’s education is beyond the grasp of most rural teachers. These teachers have an untapped knowledge base of what it means to be a rural mathematics teacher, and represent an untapped partial solution to the shortage of mathematics educators nationwide. An alternative to the traditional doctoral program was and is needed to address both the need for more mathematics educators as well as the difficulties rural mathematics teachers face in trying to pursue an advanced degree. Although distance education has made inroads in these locations, the residency requirement of most doctoral programs puts a halt to many teachers’ plans. Creativity, flexibility and technology can help reach this untapped pool of potential mathematics education leadership.
ACCLAIM

The Appalachian Collaborative Center for Learning, Assessment, and Instruction in Mathematics (ACCLAIM), with funding from the National Science Foundation, created a multi-institutional, cohort model for doctoral students studying mathematics education with an emphasis on the issues and concerns of rural areas.  West Virginia University, University of Kentucky, Ohio University, University of Louisville, and University of Tennessee collaborate in order to provide courses in mathematics, mathematics education, research and rural sociology/education. The coursework and beyond-course experiences were designed to meet the requirements of each institution and to address the guidelines for doctoral programs in mathematics education as published by the Association of Mathematics Teacher Educators (2002).
The ACCLAIM program is non-residential with a large portion of the academic component delivered by distance education. This program offers highly capable and dedicated but geographically bound students the opportunity to pursue an advanced degree emphasizing the teaching and learning of mathematics in a rural setting, and it does so without requiring them to leave work and family for long periods.  Students attend intensive five-week seminars each summer on a university campus. The rest of the coursework is completed via distance education in both synchronous and asynchronous modes. (See Appendix B)
Admission requires 15 semester hours of graduate mathematics, significant classroom experience, and a passion for rural education. The program of study includes 15 semester hours of graduate mathematics, 18 semesters hours of mathematics education courses, 9 semesters hours of rural sociology/education courses and 12 semester hours of research courses. The collaboration among the universities gives students access to a larger mathematics education faculty than would be available through any individual institution. The funding and the distance education model also allows the program to bring in noted scholars from across the country with expertise not found in any of the participating institutions. For example Dr. Paul Theobald, who holds an endowed chair in rural education in Buffalo, New York, has taught a course for each cohort.

Delivery of courses
The delivery of courses via a distance model was essential for ACCLAIM to reach the targeted rural population. A variety of software exists to support web-based instruction in both the asynchronous and synchronous modes. Blackboard and WebCT are two commercial class management systems. Moodle is open source software that provides the same kinds of tools: drop boxes for assignments, discussion boards, posting of announcements and assignments, grade books, etc.  Centra, E-luminate and Adobe Connect are frequently used tools for synchronous communication. These tools allow for real-time discussions, shared applications, small group discussions, etc. Students can use icons to raise their hand, applaud, laugh, cry, and answer questions. The instructor can give students the “microphone,” give them control of an application such as a spreadsheet or a dynamic geometry tool or send them to a particular website. Video is also possible through mini-cams. 

ACCLAIM experimented with a variety of delivery modes but has been most successful with a combination of an asynchronous component managed by Blackboard or Moodle and a synchronous component mediated by Centra. The synchronous component is deemed absolutely necessary for a variety of reasons. To create a virtual classroom, discussion and interaction between students and instructor and between students is vital to promote deep thinking and the sharing of ideas in real time. Required meeting times help students involved in work and family to stay on task and on a reasonable timeline. For a cohort model to succeed all students must progress in relatively the same time frame. 
Mathematics, mathematics education, research and rural courses have all been successfully, delivered via distance learning. Rarely, however, each content area has experienced a less than fully successful delivery. The content is not the deciding factor; the teacher is. Not all professors can adapt their teaching style and philosophy to the distance mode. Some thought they had to be available 24/7 and soon found themselves totally bogged down in responding to constant and repetitive emails. One responded by stopping all communication midway through the course which caused a mild revolt on the part of the students. This issue can be resolved by posting questions to a discussion board where all can see and setting consistent “email hours” analogous to office hours on site. Others used the synchronous time to assign a myriad of readings and assignments which were unreasonable in terms of time required to complete. Again a revolt on the part of students helped educate some but caused one or two to throw up their hands in despair. A quick discussion and comparison with the onsite syllabus usually created a reasonable compromise. A common complaint among successful faculty was the challenge of teaching from a stationery position—that is sitting in front of the computer. Some alleviated this with a wireless microphone during discussions but found it is still necessary to monitor the screen consistently to know who has their hand up and who may not be responding at the level desired.
The students accepted into this program were all highly talented, highly motivated students. Their persistence proved to be both a joy and a challenge. These students insisted upon learning, expected to work hard and expected the highest quality of teaching. They were not necessarily gentle in communicating when their expectations were not being met. As such, even mild revolts had to be addressed. The program did not cater to student whims but this dual responsibility—students and program administrators—helped to insure a quality program. 

Assignments
All of the types of assignments are possible using technology strategically. Examples of “Investigate/Summarize/Discuss/Revise Tasks” include (Burke, 2007) ERMO Summaries. In this activity, students are assigned to read an article or set of articles and write an “Earn the Right to My Opinion” summary of the readings.  Students read each other’s ERMO summaries and write a critical reflection. More and richer feedback is possible using a discussion board format. Another type of assignment which parallels the traditional classroom is “Research Papers and Paper Conferences.” Each student is asked to write a research paper for a course.  On a specified date they post their research papers in a folder set aside for their group.  Critiques are posted and a group discussion is held moderated by the professor.   
One of the significant advantages of working with place-bound teachers in the online environment is access to the living laboratory of their classrooms.  This enables students to validate and commiserate with those in like positions but also provides insight into classrooms at different levels and from different types of institutions. Secondary teachers gain a better appreciation of what it means to teach mathematics to second graders—they usually quite surprised by what 8 year olds can do. Community college teachers learn what it means to teach at a research active institution. The initial reaction is one of envy of a teaching load of 2 classes yet when the research responsibilities and expectations are communicated, most are appreciative of their 4-5 class teaching load. 

Role Playing, Lesson Study and Curriculum review and development are just a few activities that can be mediated through technology. Sometimes “inquiry” takes on forms not captured by our previous categories of tasks.  In the online environment, with its shared text spaces that students can contribute to asynchronously, Joint Productive Activity or Development Tasks progress sometimes more efficiently than when students attempt to meet face-to-face. These joint activities can build resources for the entire class to access.  Professors set the task and its boundaries and contribute start-up resources.  Students and the professor contribute to and monitor the development of the resources. Again as the teachers are thoroughly grounded in the classroom, these tasks become more real, more meaningful and more applicable. A by-product of this classroom involvement brings the students in those classrooms into the learning of their teacher. Many have no concept of higher education. Seeing learning being modeled and enjoyed by their teacher can be very motivating.   
Many of our courses focus on mathematical topics.  Problem solving with an exploration of some phenomena and then the posing of deep problems that challenge everyone in the class work well in both the synchronous and asynchronous modes.  In groups students engage in dialogues and shared strategies.  They look to each other for insights and eavesdrop frequently on the discussions of other groups.  The professor can move from group to group monitoring the progress and the on-task behaviors necessary for learning. In addition, students may teach various segments of the courses, lead a discussion on an article, or demonstrate a selected piece of software. Mathematics can be done “on the fly” using one of various peripherals and student-created work can be shared either via a document camera or through student work generated in real time. 

Residency



The traditional residency requirement in doctoral work is designed to ensure a student of at least one year of in depth work in an academic setting with professors actively engaged in research, teaching and service. In lieu of a traditional residency requirement (usually technically defined as 2-3 semesters of full time enrollment), ACCLAIM has negotiated an innovative residency which includes two summers of 9 semester hours of coursework each at one of the participating institutions and the academic year in between (third year of the program). During this academic year, students are enrolled in 3 semester hours of internship each semester.

The internship is based on the Guidelines for Doctoral Programs in Mathematics Education, specifically guideline 6. “Mentored internships focused on acquiring expertise in collegiate teaching, supervising student teachers, designing and implementing a research study, designing and facilitating professional development activities for teachers, preparing grant proposals, and writing papers for publication; “(AMTE, 2002) Each student negotiates an individual contract outlining specific activities selected to add to their knowledge in the areas of K-16 teaching, supervising student teachers, designing and implementing a research study, designing and/or facilitating professional development activities, preparing grant proposals, and writing for publication. (See Appendix A.) For example with respect to K-16 teaching, a high school teacher would be charged with observing for several consecutive days in a primary classroom, in a middle school classroom, and perhaps, working with a college professor to re-design a syllabus. For professional development, if a student had never presented at a professional meeting, they would be charged with getting on the program at a local or state meeting. If they had presented at a state meeting, the charge might be getting on the program of an NCTM regional. 

The students meet on-line every two weeks to discuss their activities and to share thoughts with respect to a paper addressing one of the areas of study. Blackboard is used for students to submit their completed activities and track their progress through their contract. 

Summary
Staying on the job, while completing an advanced degree, allows the student’s theoretical work to remain fully grounded in the reality of the classroom and does not further deplete the supply of mathematics teachers. Such alternatives can supplement existing programs and help alleviate a critical shortage. The power of technology should not be over estimated. Technology can provide access to help mitigate, but perhaps not solve, some of the problems in education. Geographically isolated, disabled, and place- bound populations can be reached with high quality educational opportunities. Shortages in critical areas can be alleviated.  However, the power of tradition and inertia should not be underestimated. University policies and practices can create huge barriers particularly in working across institutional lines. Professors are often bound to tradition with good reason and reluctant to risk unproven methods and techniques. However, creativity, flexibility, and external funding can help. The ACCLAIM program is an existence proof. Duplication and replication are next steps.
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Appendix A:

INTERNSHIP WORKSHEET

Characteristics of ACCLAIM Internship

Individualized - Individual plans of study will be negotiated for each student by the end of the Summer Institute, 200x
Instructor of Record: 
Mentored - various individuals will assist and support each internship including the ACCLAIM personnel and other professionals in the field.
Electronically supported - through Blackboard and Centra with bi-weekly discussion sessions and through web based log books 
Clock Hours - approximately 90 clock hours is required for a 3 semester hour lab course

Objectives

During the two semesters of internship students will acquire expertise in:

 k-16 mathematics teaching and the preparation of K-16 mathematics teachers, 

supervising student teachers,

designing and implementing a research study,

designing and/or facilitating professional development activities 

preparing grant proposals, and 

writing papers for publication.
These objectives will be met through observation, reading, reflecting, conversation, practice, interviews,  etc.

I. k-16 teaching, 

Observation in classrooms at levels, (elementary, middle school, high school, and/or college) with which you have no recent experience

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


b) Read and reflect on critical issues at various levels

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


c) Explore the political climate of mathematics education



Accreditation issues – K-12, Higher Ed



Certification issues – K-12



Impact of rural context in political decisions

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


d) Consider the role of technology in mathematics education at the various levels

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


II. Supervising student teachers,

Assist in the evaluation of a student teacher/intern

Mentor a student teacher/intern

Shadow a supervisor of student teachers

Develop/critique the syllabi for mathematics methods courses in the region.

 Attend Association of Mathematics Teacher Educators Annual Meeting (required)

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


III. Designing and implementing a research study,

Capturing potential research 

b) Narrowing the questions


c) Developing logical argumentation/literature review


d) Conducting and sharing conversation(s) with researcher(s)


e) Attending/participating in an ACCLAIM Research Symposium 


f) Attending/participating in the Research Pre-Session (NCTM) 

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


IV. Designing and/or facilitating professional development activities 

a) providing pd activities for colleagues

b) attending/participating in ACCLAIM TE/PD opportunities

c) evaluating on-going pd activities for a school or department

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


V. preparing grant proposals, and 


a ) being a part of a concept team in a proposal development


b) being a reviewer of proposals for a funding agency


c) writing and submitting a proposal

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.


VI. writing papers for publication.

answering a call for papers by a professional journal

writing an occasional paper for the Rural Mathematics Educator

being a reviewer for a professional journal

	Recent Experience
	Projected plans

	1.
	1.

	2.
	2. 

	3.
	3.
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	Tentative Template for 2004 ACCLAIM Cohort
	
	
	

	
	
	
	

	
	
	
	
	

	Summer #1 (2004) – Location: Athens, Ohio
	
	
	
	

	
	
	
	
	Content
	Institution
	Instructor
	

	
	3 hours Mathematics  
	
	Geometry
	UK
	Lee
	

	
	3 hours Education/Mathematics Education 
	Learning/Assessment
	WVU
	Mayes
	

	
	3 hours Rural Sociology/rural education 
	Historical perspective
	OU
	Howley/Howley
	

	
	
	
	
	
	
	
	

	Fall #1 (2004)
	3 hours – Mathematics Education 
	Curriculum
	OU
	Schultz
	

	
	3 hours Mathematics  
	
	Linear Algebra
	UK
	Lee et al
	

	
	
	
	
	
	
	
	

	Spring #1 (2005)
	3 hours – Mathematics 
	
	Discrete Mathematics
	UT
	
	

	
	3 hours – Research 
	
	Quantitative
	UK
	Xin Ma
	

	
	
	
	
	
	
	
	

	Summer #2   (2005) Begin residency Location: West Virginia
	
	
	

	
	
	
	
	
	
	
	

	
	3 hours Mathematics
	
	Advanced Algebra
	WVU
	
	

	
	3 hours Education/Mathematics Education
	Pedagogy
	UT
	Long
	

	
	3 hours Research
	
	Qualitative
	WVU
	Webb-Dempsey

	
	
	
	
	
	
	
	

	Fall #2 – (2005)
	3 hours – Rural Sociology/rural education
	Current Status
	UK
	Theobald
	

	
	3 hours – Internship/Mathematics Education
	Technology
	UT
	Long
	

	
	
	
	
	
	
	
	

	Spring #2 (2006)
	3 hours - Mathematics
	
	History of Math
	UK
	Lee
	

	
	3 hours – Internship/Research
	Research
	UL
	Bush
	

	
	
	
	
	
	
	
	

	Summer #3   (2006) Complete residency Location:
	Louisville
	
	
	

	
	
	
	
	
	
	
	

	
	3 hours Mathematics
	
	El Math from Adv. Standpoint
	WVU
	Mays
	

	
	3 hours Education/Mathematics Education
	Research Trends in MTE
	UL
	Bush
	

	
	3 hours – Rural Sociology/rural education
	Implications for Practice
	UK
	DeYoung
	

	
	
	
	
	
	
	
	

	Fall #3 (2006) - 
	
	
	
	
	
	
	

	
	3 hours – Mathematics 
	
	Adv. Calculus
	OU
	Connor
	

	
	
	
	
	
	
	
	

	Spring #3 (2007)
	3 hours – Research
	
	Design
	OU
	Arlie ?
	

	
	3 hours – Mathematics Education
	Adv. Studies in ME
	UT
	Taylor
	

	
	
	
	
	
	
	
	

	Summer #4 - Write Comprehensive exams/Begin Dissertation
	
	
	


