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The problem: What does it mean to be a quality teacher?


At a symposium that brought together the National Commission on Teaching and America’s Future and the Commission’s state partners, the question was asked 

“If we know that good teachers make a difference, why haven’t we achieved high-quality teaching in every American classroom?” 

That is a difficult question. We have been trying to reform teacher education for decades. It is hard, however, to find any underlying description of what teachers need to know as a starting point for reforming how they are educated. 

1. The National Network for Educational Renewal was launched in 1986 as a national laboratory in which to introduce the ideas developed in John Goodlad’s Agenda for Education in a Democracy. The focus of this project was preparing students for citizenship and their freedoms and responsibilities in a democracy. The project was shaped by twenty postulates that helped frame the concept of a true profession, rigorously pursued and legitimate in its knowledge base and status within the Academy and well attuned to the realities of practice. 

2. The Holmes Partnership is a nationwide network of over 70 partnerships between major research universities and K-12 schools. It traces its origins to the Holmes Group, a coalition of deans and academic officers (I was one of them) who sought to raise the status and quality of teacher preparation programs, foster the renewal of the schools, promote equity, diversity and cultural competence, encourage scholarly inquiry and programs of educational research and prepare the next generation of teacher educators in the professoriate. 

3. The Urban Network to Improve Teacher Education (UNITE) is a coalition between universities and P-12 schools in urban settings, dedicated to the study of the unique challenges faced by teachers in urban schools. It began as a project of several schools not affiliated with the Holmes Group but was subsequently incorporated into the Holmes Partnership in 1998. 

4. Project 30 Alliance was initiated by the Carnegie Corporation in 1988 as a series of projects at 30 representative institutions. The group continued after Carnegie support ended.

5. The Renaissance Group began in 1989 after a group of presidents and education deans met to discuss the condition of the efforts to reform teacher education. 

6. The Standards-Based Teacher Education Project (STEP) started out as a five year initiative sponsored by the Council for Basic Education and the American Association of Colleges of Teacher Education to align state standards with teacher preparation and teacher assessment. 

All of these efforts share some features in common that paved the way for the latest reform effort I know, Teachers for a New Era, a new project launched by the Carnegie Foundation. The defining design features are:

1. Teacher education programs should be guided by a respect for evidence, including attention to student learning gains accomplished under the tutelage of teachers who are graduates of the program.

2. There should be university-wide commitment to teacher education programs, including the full engagement of Arts and Sciences faculty in preparing teachers, especially in the area of subject matter understanding and general and liberal education.

3. Teaching should be recognized as an academically taught clinical practice profession requiring close cooperation between colleges of education and the schools; master teachers as clinical faculty in the college of education and residencies for beginning teachers during their first two years in the profession.

All of these efforts, important as they are, still have not generated enough qualified teachers to ensure that our students become proficient in math. In addition, by itself, a focus on teacher preparation only gets us part way down the path.

According to the National Commission on Teaching and America’s Future, the problem is not simply that we cannot recruit good people and place them in classrooms. The problem is that they do not stay there.

If the Commission is right, we produce enough teachers to meet our needs, although they do not say much about whether these teachers are well-prepared to foster student learning. In 1999, our nation’s schools hired 232,000 teachers. Only 85,000 were fresh graduates representing, by the way, only about 60% of the output from our teacher education programs that year. Almost 80,000 were re-entrants from the pool of former teachers who were coming back to the classroom and an additional 67,000 either were delayed entrants who had prepared to be teachers but had not pursued that career upon graduation or people entering the profession through “alternative pathways.” 

The real problem appears to be keeping these new people in the classroom. Most of the people who leave teaching are moving on to other careers. Only about one in three is retiring and over the next decade, the spaces they leave vacant will account for only about 28% of the new teachers we will need. So, the problem is not that our teachers are retiring. It is that they leave the school either to go to another school or to pursue another career. 

Four major factors appear to account for these trends.

· Salaries

· Working conditions

· Preparation

· Mentoring support in the early years of teaching

Evidence suggests that better prepared teachers stay in teaching at higher rates than those who have not received good preparation. One study by Linda Darling-Hammond showed that graduates of teacher preparation programs persist better than teachers hired through alternative routes that offer only a few weeks of training. Graduates of midcareer programs that offer substantive preparation for teaching fare much better.

As far as working conditions are concerned, the issues are complex and resistant to change. We need schools designed for the 21st century. As the Commission says, “We are sending our children to factory-era schools to prepare them for life and work in a digital age.”

If better prepared teachers are more likely to remain in the profession, what do we know about how to prepare teachers?

For that matter, do well-qualified teachers actually help their students learn? The evidence seems to suggest that they do. The question on the table today is what does a teacher really need to know to support student success in mathematics? Do they need to think like mathematicians or teachers or both? For that matter, what does it mean to think like a teacher or to think like a mathematician?

What do we know about the nature of effective teaching and how to prepare people who can become effective teachers? Beyond that, what do we know about how to introduce the results of research into the design and assessment of avenues to the teaching profession, both traditional and alternative, and into federal and state policies that govern the certification of teachers? 

It is becoming clear that a lot goes into the definition of a “highly qualified teacher (Darling-Hammond & Youngs, 2002).” It is also clear that we do not have a very solid grounding for the assumptions we have built into our teacher education programs, our certification standards and our professional development programs. 

What evidence do we have to affirm or reject the policy recommendations being advanced by federal or state officials or the assumption built into the programs designed by funding agencies like NSF? To answer this, I will turn to a research report entitled “Teacher Preparation Research: Current Knowledge, Gaps and Recommendations” which was prepared by three faculty at Michigan State University---Suzanne Wilson, Robert Floden and Joan Ferrini-Mundy---for the U.S. Department of Education and the Office for Educational Research and Improvement in February 2001 (Wilson et al 2001.) The study addressed five questions posed by OERI.

(1) What kinds of subject matter preparation, and how much of it, do prospective teachers need?

(2) What kinds of pedagogical preparation, and how much of it, do prospective teachers need?

(3) What kinds, timing and amount of clinical training (“student teaching”) best equip prospective teachers for classroom practice?

(4) What policies and strategies have been used successfully by states, universities, school districts and other organizations to improve and sustain the quality of pre-service teacher education?

(5) What are the components and characteristics of high-quality alternative certification programs?

All of these are important questions and all were answered in the Secretary’s report. What, however, do the authors of the research analysis have to say about these fundamental issues?

The authors of this study examined over 300 published research reports about teacher preparation and found 57 that met their standards for inclusion in their review. A study to be included had to be empirical (i.e. offering qualitative or quantitative evidence or both in support of the conclusions reached rather than based on opinion, theory or first principles) and rigorous (i.e. meeting generally accepted standards for research
) as well as

· directly relevant to the questions posed by the U..S. Department of Education

· published in a peer-reviewed journal

· published within the past twenty years, and

· a study of teacher preparation in this country.

First, the authors concluded that “overall, the research base concerning teacher preparation is relatively thin … (and that) … “good research can be done, but that it will take the development of more refined databases, measures and methods, as well as complementary research designs that collect both qualitative and quantitative data.” In simple terms, our different views about the best way to prepare and certify teachers will not be resolved by today’s research base.

With respect to the specific questions, the research base is only tantalizing and incomplete. 

(1) What kinds of subject matter preparation, and how much of it, do prospective teachers need?

Answer: While there is clearly a positive correlation between teachers’ preparation in their subject matter and their performance and impact in the classroom, they can acquire this knowledge in a variety of ways and there is little definitive research on the kinds and amount of subject matter preparation they will need. This question is further complicated by the vigorous arguments over what students should learn and how they should be taught. I will return to a consideration of what math teachers need to know a little later.

(2) What kinds of pedagogical preparation, and how much of it, do prospective teachers need?

Answer: Pedagogical content varies widely. While knowledge of pedagogy has been shown to be important, most of the studies use possession of a teaching credential as a proxy for pedagogical knowledge. As a result, we know very little about which aspects of pedagogical preparation are most critical.

(3) What kinds, timing and amount of clinical training (“student teaching”) best equip prospective teachers for classroom practice?

Answer: Whether field experiences enhance the quality of a teacher’s preparation appears to depend upon what kind of experience it is. Experiences that are disconnected from or not well coordinated with the university-based components of the curriculum are not likely to be effective. At its best a good clinical experience can transform a novice teacher’s conception of teaching and learning and can support much more profound understanding of both the nature of the profession and the subject matter to be taught.

(4) What policies and strategies have been used successfully by states, universities, school districts and other organizations to improve and sustain the quality of pre-service teacher education?

Answer: There are almost no studies that directly bear on this question. As the authors point out “individual studies cannot tell us definitively how to proceed with the improvement of teacher preparation---and only sometimes can the accumulated work in an area give clear direction for future action.” (p. I) The research available does offer a basis for examining questions about revised certification, state approval mechanisms, and national accreditation and their desired effects on the preparation of teachers. While enthusiasm for reform is high, the research base is quite thin. We simply have no foundation upon which to justify some of the policies being introduced in the states to change how we prepare and certify teachers but these actions could be a natural laboratory for asking some basic questions about the effect of policy on teacher quality and professional practice. 

(5) What are the components and characteristics of high-quality alternative certification programs?

Answer: The available evidence indicates that alternative routes have been successful in recruiting a more diverse pool of teachers but not necessarily the “best and brightest.” There are some indications that subject matter knowledge alone is not enough to prepare new teachers for the exigencies of the contemporary classroom. As NCATE says in a description of the teaching profession 

“Today’s teachers must be ready to play a variety of roles in the classroom: educator, motivator, guide, counselor, coach and disciplinarian.” (website www.ncate.org/future/m_future.htm) 

Alternative routes to teaching that have “high standards for entry and require substantial pedagogical training, mentoring, and evaluation may be quite similar to traditional teacher preparation programs but more adaptable to the needs of mid-career transitions and tend to be successful in their production of qualified teachers.

So, where does this leave us? What concepts can guide our thinking about these critical issues and what can we do to generate the knowledge upon which we can base responsible decision-making about how to prepare teachers and how to think about the teaching profession itself?

Why, despite decades of national concern about the quality of the education our young people receive, do we still know so little about  how to prepare teachers and how to measure quality teaching? 

There are a number of reasons, many of which we are trying to address at NSF through our support for experimentation with approaches to undergraduate and graduate study and the preparation of both future faculty and future teachers in programs such as our Centers for Learning and Teaching and our Teacher Professional Continuum Program, in addition to the new Math and Science Partnership Program.

We need to encourage research that takes place in schools and in classrooms, in collaboration with teachers. We hope that teachers will read our solicitations for the Teacher Professional Continuum and seek out ways to become involved in this work. There are, however, a number of issues we must confront if we are to turn teaching into a full-fledged profession in which its practitioners contribute to the improvement of the field.

1.The attitudes and culture of education researchers and practitioners.
The education research community has failed to keep pace with the changing research needs of either K-12 or higher education, in part due to the nature of the culture of higher education research and in part due to the absence of consistent and sufficient research support. It is unfortunate that we invest so little in education research. According to one calculation, we spend less than 0.2 percent of the total investment in K-12 education on education research. No wonder we have so few researchers pursuing rigorous studies in this field. As Hugh Burkhardt and Alan Schoenfeld have pointed out
, organizations that operate within applied fields like engineering or information technology or medicine spend between 5 and 15% of their annual budgets on R&D divided roughly one dollar of research for every 4 dollars on design and systematic development. While it is hard to imagine pouring that much into education until we have solved the problem of knowledge transfer into our product---namely teaching and learning---we could certainly do a lot better than we do now.

Another problem is that most scientists and engineers do not concern themselves with the preparation of teachers or actively contribute to the improvement of K-12 instruction. We must find effective ways to involve university faculty meaningfully in the K-12 environment and in the preparation of teachers. This is the overarching goal of  our Math Science Partnerships.


Policy questions like “How should we prepare and certify teachers?” do not lend themselves to traditional scholarly analyses by individual scholarly disciplines, even though they can be approached in a genuinely scholarly way. In fact, when I asked one of our program officers for some recent articles on alternative teacher preparation and certification, she was able to find only six research studies on alternative certification from 2000 to 2003 in the ERIC database.

Donald Schön (1987) once wrote that “ In the varied topography of professional practice, there is a high, hard ground overlooking a swamp. On the hard ground, manageable problems lend themselves to solution through the application of research-based theory and techniques. In the swampy lowlands, messy, confusing problems defy technical solutions.” 
 As Schön pointed out, the problems of greatest interest to us are in the swamp, and not on high ground. Yet most researchers prefer to view the world from high ground and assiduously avoid the swamp.

It would help if, in selecting topics for investigation, researchers would: (1) emphasize issues of interest to policy makers and practitioners; (2) focus on the big picture and avoid “small studies of small questions” (Dayzell); (3) encompass more comparative studies so that a particular institutional experience could be studied in a larger context; and (4) provide a clear interpretation that would allow practitioners to see how broadly the results might be applied to other, similar circumstances. Researchers could do this by spending time with practitioners and finding out what their challenges are as well as by spending time learning how to communicate across disciplines. This basic logic is the foundation upon which the Math and Science Partnership program is built.

2.How research is done and the gap between research and practice.

There are strong arguments about what kind of research is valid. As Shavelson and Towne (2002) point out, “There is a long-standing debate among scholars, policy-makers and others about the nature and value of scientific research in education and the extent to which it has produced the kind of cumulative knowledge expected of scientific endeavors.” (p. 1) 

In one school of thought, now promoted by the U.S. Department of Education, only rigorous designed randomized clinical trials can yield evidence that can be applied to the problems of education. Others support a broader range of methodologies. Wilson et al (2001), for example, identify six broad research traditions in educational research

· Experimental and quasi-experimental studies

· Correlational research

· Surveys (e.g. follow-up studies)

· Interpretive studies (including case study investigations and other qualitative research)

· Longitudinal change studies, and

· Comparative population studies (e.g. comparing credentialed and non-credentialed teachers)

Whatever your own particular views about what kind of research is credible, there remains the question of what influence any research may have on educational practice. As the NRC puts it, “ Educators generally do not look to research for guidance. The concern of researchers for the validity and robustness of their work, as well as their focus on underlying constructs that explain learning, often differ from the focus of educators on the application of those constructs in real classroom settings with many students, restricted time, and a variety of demands.” (p. 6) 

For this to change, the cultures of both the schools and higher education will have to be radically altered in order to bring researchers and practitioners to work together for the continuous improvement of both research and professional practice. Only in rare cases are universities and schools able to work in this collaborative fashion today, usually in the context of professional development schools or in some of NSF’s new Centers for Learning and Teaching or, we hope, in our Math Science Partnerships. 

3. How we prepare our future faculty

Because neither faculty in higher education programs nor faculty in the core disciplines of the Arts and Sciences consider it their responsibility to train teachers or to contribute to the improvement of educational practice, either in K-12 or in higher education, their graduate students do not see their mentors applying rigorous analysis and experimentation to educational issues affecting undergraduate study or K-12. Students and new faculty quickly learn that regardless of their personal motivations or prior experiences, they must now adopt the habits of higher education researchers, scientists and engineers. Their role models rarely place an emphasis on contribution to the enhancement of K-12 or undergraduate education. (Colbeck, 2000). We have observed some fascinating results at institutions where we have funded GK-12 programs. These programs provide fellowships for students who work with teachers in the schools. Not only do the graduate students acquire a new sense of themselves as educators and communicators, they also develop a firm grasp of the fundamentals in their fields. As one distinguished scientist told me recently, “I like to send my best students into the schools. Our research is so exciting and so all-consuming that I have trouble getting my students to take time to learn the basics. They will need that foundation later on. The GK-12 program makes them better researchers.”

James Perkins has pointed out that the development of quality research in any field requires a supporting institutional network of positions, publications, funds to support research and an interested audience that sets the norms, values and expectations of scholarly discourse. If this work is to inform public policy or educational practice, there must also be a recognized need and a sense of priority among administrators and faculty leaders, civil servants and politicians. Although in recent years, the audience for higher education research has grown, it is still very insular. Most disciplinary faculty are simply not interested in thinking about education in their disciplines or in K-12 or in general education at the undergraduate level. Even if they know some of the literature on education, they cannot judge the validity of the work because the underlying methodologies and technical vocabularies are different from their own. They assume it is not really scientific, and hence, not trustworthy. They also tend to think that it is unpleasant to get too close to K-12. They have no desire to get caught in the cross-fire of warring political factions. 

4. How we prepare teachers and their own expectations of themselves as learners and as professionals

During teacher education, students must learn their disciplines and learn how to teach. The teaching of a discipline such as mathematics is a genuine profession with its own defining characteristics and, as Schön says, artistry.  

Terry Anderson (2001) has recently written about the “hidden curriculum,” the process of socialization into the ways of a profession or discipline, the dues that must be paid in order to be accepted as an expert, the messages sent implicitly by the profession to its supplicants and the unstated rules about how one must think and act in order to be an authentic scholar or practitioner. According to Paul Hirst each discipline is more than a simple grouping of related topics (Wineburg, p. 40-41). 

Each discipline constitutes a fundamentally different way of knowing and acting. The knowledge of a practitioner overlaps that of a scientist or mathematician or engineer but includes other elements. What are those elements?

Schön argues that the relationship between practice competence and professional knowledge is usually approached from the wrong direction. The problem is not how to make better use of research-based knowledge but rather how we can learn from a careful examination of the artistry of superb teachers. In his description of the reflective practitioner, he suggests (p. 13) that

· Inherent in the practice of the professionals we recognize as unusually competent is a core of artistry.

· Artistry is an exercise of intelligence, a kind of knowing that is different in crucial respects from our standard model of professional or disciplinary knowledge. It is rigorous in its own terms. It is professional knowledge adapted to the circumstances in which the teacher works.

· In the terrain of professional practice, applied science and research-based technique occupy a critically important thought limited territory, bounded on several sides by artistry. 

· The most competent practitioners know how to frame a problem, how to act on what they know, how to improvise when information is limited. They do not fall into the decision traps that novices are more prone to step into. They have something that in medical practice is called “clinical judgment.” 

· Many aspects of this artistry can be taught, but much will come from experience and reflection and from close observation of the circumstances of students’ lives and what they know and do not know.  

What is the hidden curriculum in the teaching profession, namely the set of often unspoken rules about what it means to be a teache ?  Like other professions, preparation for teaching does not involve simply a mastery of a body of knowledge (aka content

Like any discipline, the teaching profession must have

· A body of concepts and key ideas held together by a common vocabulary.

· Distinctive ways of talking about these concepts and ideas: a “syntax.”

· Characteristic ways of establishing a warrant for the validity of ideas and claims of truth 

· Distinctive forms of inquiry and a set of specialized tools and methodologies used to generate the knowledge that will contribute to the enhancement of professional practice.

What happens when the characteristics of teaching as a profession mingle with the imperatives of a particular academic discipline with inherently different concepts and ideas, a different vocabulary and different methodologies and warrants of truth? The result is often an uncomfortable and mutually accusatory tension. Is a teacher a legitimate member of the science, technology, engineering and mathematics workforce, or is a teacher something else? What does it mean to think like a scientist or mathematician and like a teacher at the same time? Are these two aspects of one mindset or two very different perspectives?

To answer this question, I can draw upon the concept of scholarship originally proposed by Ernest Boyer. A teacher is experienced in the discovery, interpretation and application of knowledge and can apply these intellectual processes both to academic content, to the exploration of effective pedagogies and to the careful analysis of how students learn. In terms used by NSF, an excellent teacher can integrate research and education through the processes of discovery, learning and innovation. In my opinion, thinking like a scientist or mathematician and thinking like a teacher are complementary and overlapping frames. They are not, however, the same thing.

What are the qualities of such a teacher?

· They can think like a scientist or a mathematician and continue to deepen their knowledge of the subjects they teach, in part through professional development and in part through direct involvement in research in cooperation with university and college faculty.

· They also have artistry. They can exercise their intelligence in a kind of knowing that is different in crucial respects from our standard model of professional or disciplinary knowledge. 

· They have experienced a true liberal arts education and have themselves prepared to be responsible, creative and productive adults.

· They remain scholars of the teaching profession, interested in both learning about advances in education, new technologies, and new ways to inspire and challenge students to reach their full potential
 and in contributing to that body of knowledge.

· They define themselves as a professional and are prepared to work with their colleagues to create an exemplary learning environment in their school and in their community, calling upon their own professional expertise and those of their colleagues to do so. In doing this, they create a community of inquiry centered on learning and teaching. 

· They are supported by their school to engage in scholarly pursuits and have access, opportunity and time to contribute

to their field both with colleagues in the schools and, where appropriate,  in cooperation with higher education.  

5.  The lack of a scholarly community within our nation’s schools that could promote continuous learning by teachers as well as by students and the lack of an expectation that teachers will contribute to the improvement of professional practice.

The key shift in thinking required to move from the usual professional development program for teachers to an effective model of knowledge generation and use in practice is to recognize that changes in practice are unlikely to be arise from new information alone, either content knowledge or pedagogical strategies. Both the core experiences during the preparation for teaching and the design and goals of professional development and the practice of teaching within a school setting must change to reflect the concepts of the scholar/practitioner.

Drawing from How People Learn (Bransford et al 1998), there are at least two basic findings that apply to working with practicing teachers, policymakers and administrators.

· The importance of cultural experience and community participation—Participation in social practice is a fundamental form of learning that involves becoming attuned to the realities of community life, its constraints and resources, its social norms, limits and possibilities. This is an especially important aspect of linking research to practice since a shared experience of inquiry ensures that the rich and challenging context of practice is taken into account in defining the questions, in choosing ways to conduct the research and in interpreting and testing the validity of the findings.

· Cultivation of expert knowledge---Experts have developed particular ways to think and reason effectively using an accumulated base of knowledge and experience that affects what they notice, how they organize what they see, and how they interpret daily experience, all of which affect their abilities to remember, reason and solve problems. They do not usually do their work in isolation. They either work with colleagues or they present their results to peers so that the work can be validated according to the principles of the warranting of truth in their fields.

Teachers need to have a pedagogical repertoire but they also need to have cognitive roadmaps of the structure and thinking of the disciplines they are teaching---they must have a deep understanding of what they are teaching, even in the elementary grades. They also must have colleagues and a scholarly community to which they belong as active members and contributors. 

Without this basic foundation, it is difficult for teachers to introduce their students to the richness of what each field of study has to offer or to explore and demonstrate what lies beneath the surface of the flat textbook prose or the recitation of “facts.”

The suggestions of Bridging Research and Practice apply just as readily to learning in adults as they do to learning in children.

· We all approach a subject or problem with preconceived ideas about how the world works that we must first unlearn if we are to acquire and use new knowledge. This challenging of assumptions is a part of any well-designed research project. Teachers who have the opportunity to be part of a research team can experience this process naturally and in the company of others.

· To develop competence in any area of learning, we must have both a deep foundation of factual knowledge and a strong conceptual framework. It is this framework that distinguishes beginners from experts. Often teachers are really novices themselves, having never had the opportunity to develop a richer conceptual framework or an understanding of how a particular discipline really works. For them, as it often is for their students, the discipline is a product—a set of things to be taught---rather than a well-accepted and tested process by which knowledge is generated and problems are solved. Given their own lack of understanding of the function of the disciplines they are certified to teach, and given how often many teachers are not even teaching in areas where they are certified, it is not surprising that they cannot lead students into a deeper understanding. 

· It is possible to learn how to monitor our own understanding and progress in problem solving and to catch ourselves in various decision traps that limit our ability to interpret what we are seeing or reading. This is made much easier by the give and take of colleagues and the exploration required when conducting research or responding to the criticisms of peers.

So, is a math teacher a mathematician?

Before I go on, let me do a straw vote. I will tell you what I think later.

How many of you think a math teacher is a mathematician?

How many do not?

In the Mathematical Education of Teachers, recently published by the Mathematical Association of America and the American Mathematical Society, the idea of “thinking like a mathematician” was at the core of the recommendations for preparing mathematics teachers at all educational levels.

Among the recommendations was the statement that prospective teachers need a solid understanding of mathematics so that they can teach it as a coherent, reasoned activity and communicate its elegance and power. 

Furthermore, teacher education programs should be designed to prepare prospective teachers for the lifelong learning of mathematics, rather than to teach them what they will need to know in order to teach mathematics well. This requires that teachers develop the habits of a mathematical thinker and demonstrate flexible, interactive styles of teaching.

When I discussed this report with a group of chairs of Mathematics Departments a year ago, many in the audience bristled at the idea that they must work with educators. As far as they were concerned, math educators always want to water down the curriculum to accommodate the needs of teachers and don’t want to listen to the rigorous views of mathematicians about what ought to be covered in the curriculum. The other side of the argument was not represented that day, but is captured in the notion that teachers must understand what it means to think like a mathematician. It does not mean, however, that they should approach the subject matter in the same way as an individual that is preparing to become a mathematician.  

To understand this better, I turned to the work of Deborah Ball and Hy Bass at the University of Michigan (Ball & Bass, 2003) . In doing so, I am mindful of Deborah’s caution that the goal of this exploration is to improve students’ learning of mathematics, not just to produce teachers who know more mathematics.

What does it mean to be a competent teacher and how can we know a “quality teacher” when we see one? Is quality assured by

1. majoring or minoring in the subject you teach or taking a prescribed set of courses?

2. the ability to meet certification standards?

3. the ability to pass a standardized test in the field?

4. participation in professional development and if so, what kind and for how long?

Although there clearly are disagreements about quality assurance for the teaching profession, some things suggest caution about equating quality with either ability to perform computations and solve problems oneself or exposure to advanced coursework.

Let’s consider coursework first. In a study of the relationship between course taking patterns and student achievement, Begle (Begle, 1997) found that taking coursework in mathematics past calculus had little impact on student achievement. In fact, sometimes, it even seemed to have a negative effect. Ball and Bass speculate that this lack of effect or even negative effect could be because

a) future teachers who take more advanced courses are exposed to conventional teaching strategies that leave them with habits and attitudes that do not contribute to their ability to teach younger students.

b) The more advanced the mathematics, the more “compressed” it is. The more compressed it is, the less useful it is for teachers. 

What does this mean? Ball and Bass argue that one of the especially elegant aspects of mathematics is its “capacity to compress information into abstract and highly usable forms.” When ideas are expressed this way, “their structure become evident” and these symbolic representations can be used to support new ideas and actions “because of the simplification afforded by compression and abstraction.”


In contrast to this pattern of discovery in mathematics, the teaching of mathematics actually requires the instructor to unpack ideas; i.e. to decompress them and to show the interconnectedness of ideas both across mathematical domains at a given grade level and to foreshadow the development of these ideas at later grades. This mapping out of relationships and ideas must always be faithful to the nature of mathematics.

When she began this exploration of the nature of teacher knowledge in mathematics a decade ago, Deborah Ball based her work on the assumption that we can better derive an understanding of what a teacher needs to know by direct observation. Ball began with an assertion based on the work of Bruner, Dewey and Schwab (Ball, 1993) that

“any subject can be taught effectively in some intellectually honest form to any child at any stage of development.”

This places some significant demands on teachers who must both unpack their own understanding and move beyond the tacit knowledge that many of us have. Most of us, especially in this room, can perform the basic operations of mathematics, but few of us can explain why we are doing it. Observations of teachers show that the mathematical thinking that they must do in real time in their classrooms is demanding and has close connections to what mathematicians do, but it does have some distinctive features. 

As Deborah Ball puts it, “ teaching involves a steady stream of mathematical problems that teachers must solve.” A teacher must, in real time, decide how to connect the world of mathematics with the realities of the lives of young people at different ages while honoring the integrity of mathematics as a discipline as well as respecting young people as mathematical thinkers. Mathematicians do not generally operate in real time. They publish their best work only and submit their work for review at a time of their choosing.

Mathematical knowledge is socially constructed and validated, so teachers also, according to Deborah Ball, must create a sense of a mathematical community in their classrooms. The experience of mathematics is not a solitary one. Teachers must provide an authentic experience of mathematics while adapting their interpretation to what their students know and where they are headed.

The idea that students can experience something that any fully mature scientist or mathematician or historian might experience as he or she engages in discovery is a challenging concept. Carlsen (Carlsen, 1992) explored this idea by studying what novice biology teachers do to control conversations when they are teaching material they do not know very well.

Carlsen’s point is that science is more than substantive knowledge; it is also a process of knowledge generation. If student questioning is curtailed, then the learning of science itself is distorted because the interaction between “claimants and questioners is an integral part of science.” (p. 15) Similarly, mathematics is also a process as well as a set of definitions and algorithms and proofs. 

Novice teachers assume that that the teacher’s role is to tell students what they know and to give them lots of practice so that they will master the same content (McDiarmid & Anderson, 1989). They tend to think that learning means the accumulation of information and that the teacher’s task is to motivate the students by making it fun and engaging to learn. They do not tend to think that their job is to draw their students into thinking about the world the way scientists or mathematicians or writers do. To break out of this mindset, teachers need to possess what McDiarmid et al call “flexible subject matter understanding,” the ability to draw relationships within the subject as well as across fields and beyond the classroom to the world outside. This requires an understanding of the discipline itself

· What experts do

· How knowledge evolves

· What the standards of evidence are; i.e. what activities, processes and conventions a scientist or mathematician will use to investigate a problem

It clearly is not easy to be a math teacher. Deborah Ball and Hy Bass laid out some of the challenges that a teacher faces every day.

· The ability to unpack familiar mathematical ideas, procedures and principles.

· Understanding the role of definitions and choosing them skillfully, knowing what constitutes an adequate explanation or justification that will still be true when students reach higher level math

· Using representations with care.

· Making sense of methods and solutions different from the way they learned to do math and the ability to examine them, determine their adequacy, and compare them.

So, the answer to my original question seems clear although the path to preparing math teachers is still not so clear.

1. Teachers must understand mathematics as a discipline so that they can respect its core principles and present them honestly to their students, whatever their ages.

2. Teachers must move beyond their own tacit knowledge; that is, their ability to perform mathematical operations accurately, to a deeper understanding of the principles and ideas compressed into those symbolic forms.

3. Teachers must know their material so well that they can unpack the symbols to show the connections, assumptions and basic ideas that are compressed within them.

4. Teachers must be able to do this in real time with real students.

5. Teachers do mathematics, and engage in mathematical practices but the knowledge they require to model mathematical reasoning and understanding is not the same as the knowledge required to advance mathematical research or to use mathematical tools in other fields.

6. An ordinary course of study pursued by math majors will not adequately prepare a math teacher. Teachers need mathematical knowledge that is useful in the classroom. 

Teachers are mathematicians but a different kind of mathematician from the math faculty who teach them. 

It is our goal at NSF to understand this distinction more clearly, to study teaching and learning intensely in order to learn what it means to be a highly qualified teacher and what it means to learn mathematics. We hope to be able to answer some very challenging question

1. What does it take to attract, prepare, support and sustain teachers of mathematics?

2. What does it mean to be a highly qualified teacher?

3. What would it take to ensure that we offer quality mathematics teaching in this country?

4. How can we design professional development in ways that will successfully influence and enhance mathematics teaching in large numbers of schools and classrooms?

5. How can we best advance our knowledge about the education of teachers, effective classroom practices, the structures and systems that support the teaching profession?

We have a lot of work to do but we are in good company. We appreciate our collaborations with NCTM and with all of you and we look forward to contributing to the support of the teaching profession.
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