A Vision of Learning to Teach for the 21st Century 

by Glenda Lappan 

"Never tell a child anything you can get them to tell you." 

- Patricia Campbell 

When we think about how changes in the workplace and everyday life in the 20th century have exceeded anything we could have imagined at the turn of the century, we confront the impossibility of predicting what life will be like in 2050 or at the turn of the next century. However, we do know one basic aspect of our society will be important. Our children will still need to be educated. What one generation has learned will still need to be passed on to the next generation. The very fabric of our society -- work, recreation, and structures that help us to live together as communities, e.g. governance, commerce, healthcare, educational institutions, etc.-- depends on our ability to educate our children. And over the last century, the importance of science, mathematics, and technology education has increased dramatically. Clearly, the need  for education in these areas will not only continue to be important in the 21st century, but will become even more important to each individual and to society as a whole. A quote from Carl Sagan underscores the immense need we face to educate future generations in mathematics, science, and technology. 

 We've arranged a civilization in which most crucial elements profoundly 
 depend on science and technology. We have also arranged things so that 
 almost no one understands science and technology. This is a prescription for disaster. We might get away with it for  a while, but sooner or later  this combustible mixture of ignorance and power is going to blow up in our faces. 
 

As mathematicians, scientists, mathematics and science teachers, and teacher educators, we have a responsibility to future generations to examine the preparation of teachers in the areas of mathematics, science, and technology. We need to prepare teachers so that they have the knowledge to be the flexible problem solvers in the area of teaching that society needs in the 21st century. To do this, we need to reflect on what the act of teaching is meant to accomplish. In 1990 Jerome Bruner paid the following tribute to Karplus in his address to the National Science Teacher's Association. 

 What he knew was that science is not something that exists out there in  nature, but that it is a tool in the mind of the knower -- teacher and  students alike.... Getting to know something is an adventure in how to  account for  a great many things that you encounter in as simple and elegant a way as possible. And there are lots of ways of getting to that point,lots of different ways. And you don't really ever get there unless you do it as a learner on your own terms. All you can do a learner enroute to  their forming a view of their own view is to aid and abet them on their own voyage. (Brunet, 1992, p. 5) 
 

Bruner went on to talk about curriculum for teaching. 

 In effect, a curriculum is like an animated conversation on a topic that  can never be fully defined, although one can set limits upon it. I call it  an "animated" conversation not only because one uses animation in the  broader sense--props, pictures, texts, films, and even "demonstrations."  Conversation plus show-and-tell plus brooding on it all on one's own. (p. 5) 
 

One reason this statement on learning struck such a chord with me is that in its eloquent simplicity lie the deep dilemmas of supporting teachers in learning and continuing to learn to teach  throughout their careers. If one takes the view that the role of mathematics (or science) teaching is to support learning by aiding and abetting students through an animated conversation on the subject, we have to ask ourselves what the teacher needs to know in order to do this well. Domains of Knowledge 

There is a range of domains of knowledge and experience needed by teachers to build and deliver excellent mathematics programs, regardless of whether the program is for intending teachers, experienced teachers, or for school children. Not only do preK-12 teachers need expertise in these areas, so do those who teach teachers. Some of the key domains are as follows: 

1. Knowledge of the content of mathematics. This includes sufficient study of mathematics to appreciate 

* The rules of evidence within mathematics. 

* Major ideas of areas within mathematics. 

* Key algorithms and procedures that support an area. 

* Ways of thinking critical to creating new knowledge within the discipline. 

* The use of disciplinary knowledge to solve problems in mathematics and related disciplines and in the world. 

* Connections among and between ideas, concepts, structures, and methods within and outside of mathematics. 

* The need to be flexible problem solvers that can adapt, innovate, and invent by finding new ways of looking at what they know and are able to do. 

2. Knowledge of mathematics taught in preK-12 programs and how these ideas relate to more advanced ideas, concepts, procedures, and skills. 

3. Knowledge of students at particular ages and how stages of child development relate to the teaching and learning of mathematics. 

4. Knowledge of how to teach adult learners. 

5. Knowledge of pedagogy, including teaching strategies, and compelling examples of tasks that can be used to elicit particular kinds of thinking and investigation on the part of the learner. 

6. Knowledge and experience in listening to learners and hearing what they are making sense of and where they have problems. 

7. Knowledge and experience in acting on what one understands about what sense students are making of the mathematics. 

8. Curriculum vision, including 

* Experience with the creation or selection of individual tasks chosen or constructed with particular goals in mind -- i.e., the lesson level of curriculum vision. 

* Knowledge and experience in combining tasks to create units of curriculum materials that develop a foundational concept or "big" idea and its related skills and procedures and connecting these concepts to related concepts, skills, and procedures -- i.e., the unit level of curriculum vision. 

* Knowledge and experience in combining units into a year of instruction -- i.e., the school year curriculum vision. 

* Knowledge of the growth of ideas, concepts, skills, and procedures over several years -- i.e., the preK-12 level of curriculum vision. 

9. Knowledge and experience in working with colleagues to study, plan, evaluate, and improve lessons and programs. 

10. Knowledge of and experience with different forms and purposes of assessment of students' knowledge. 

11. Knowledge of how to evaluate programs, both in order to improve them and to report to the outside community their effectiveness. 

12. Strategies for  relating intentions of the instructional program to the school community for purposes of setting expectations and garnering support. 

Clearly the range of experience and expertise needed to build, evaluate, and sustain an effective mathematics program at any level is daunting. This becomes even more of a challenge when one realizes that in doing the kind of teaching advocated by Brunet (1992), all of these domains of knowledge are not used linearly. 

The Venn diagram (see Figure 1) makes clear one of the problems of structuring programs to educate teachers. Teachers work in the intersection of these domains of knowledge. The interplay of the various considerations leads to defensible pedagogical reasoning on the part of teachers. Yet in teacher education programs, students are typically engaged with each of these domains of knowledge in isolation from each other. The integration of that knowledge in ways that helps teachers reason about their classroom and students is often left to the student teaching experience. The evidence suggests that this is not an effective means of helping teachers see the connections among the various domains of knowledge they possess (Feiman-Nemser, 1983). 

[Figure 1 ILLUSTRATION OMITTED] 

Therefore, an additional need is the ability to work collaboratively with others, so that needed resident expertise in the group is available to the members of the group to continue learning. As we enter the 21st century, we clearly do not have many, if any, programs that reach this level of educating teachers, nor a workplace and set of expectations and opportunities that allow teachers to become professionals who continue to grow in knowledge, skill, and effectiveness throughout their careers. 

The Impact of Curriculum Change 

During the decade beginning in 1980, as a result of a strong call in the National Council of Teacher of Mathematics' (NCTM) Agenda for Action (1980), text materials in mathematics moved toward problem solving as an important activity in mathematics. In the period from 1989 (when NCTM published the first set of standards, Curriculum and Evaluation Standards for School Mathematics) to 2000 (when the NCTM published an updated set of standards, Principles and Standards for School Mathematic [PSSM]), problem solving has become the central activity in reform curricula. The problem solving standard in PSSM is especially interesting, as it put learning through problem solving as primary. 

 Instructional Programs from prekindergarten through grade 12 should enable  all students to-- 
 

* Build new mathematical knowledge through problem solving. * Solve problems that arise in mathematics and in other contexts. 

* Apply and adapt a variety of appropriate strategies to solve problems. 

* Monitor and reflect on the process of mathematical problem solving. 

Many curriculum developers now talk of their materials as problem-centered or inquiry oriented curricula. Elements of the calculus reform movement in the late 1980's were precursors for this more inquiry, applications focused direction in school mathematics. And the controversy in the mathematics community around calculus reform has also flared around the reform of curricula in K-12 mathematics. However, as a result of two decades of work, application of mathematics to real problems has become a firmly established goal in K-16 mathematics programs. To quote Lynn Steen (1997), 

 The role of context in mathematics poses a dilemma, which is both 
 philosophical and pedagogical. In mathematics itself.... context obscures 
 structure, yet when mathematics connects with the world, context provides 
 meaning. Even though mathematics embedded in context often loses the very 
 characteristic of abstraction and deduction that make it useful, when 
 taught without relevant context it is all but unintelligible to most 
 students. Even the best students have difficulty applying context-free 
 mathematics to problems arising in realistic situations, or applying what 
 they have learned in another context to a new situation. (p. xxiii) 
 

This emphasis on teaching through problems in context presents both opportunity and challenge for learning to teach Clearly, the selection or creation of the tasks/problems with which the teacher engages the students in studying mathematics has a fundamental impact on students' opportunity to learn and on their perceptions about what mathematics is. In selecting or creating tasks to drive the work of students in class, the teacher is the architect of the curriculum. Brown, Collins and Druguid (1989) wrote about the important relationship between tasks and learning. 

 The activity in which knowledge is developed and Deployed ... is not 
 separate from or ancillary to learning and cognition. Nor is it neutral.  Rather, it is an integral part of what is learned. Situations might be said to co-produce knowledge through activity. 
 

Spurred by the opportunity for taking a step toward comprehensive, cohesive, articulated curricula afforded by the NCTM 1989 Standards, the National Science Foundation funded 13 mathematics curriculum development projects in the decade of the nineties. These projects were all designed to realize the goals of the 1989 NCTM Standards, and they spanned the entire K-12-- elementary, middle, and high schools. While each of these curriculum projects is different, they do share a core of fundamental commitments. Some important things these curricula have in common are: * A commitment to inclusion, to the education of every child. 

* The study of mathematics through bigger problems. 

* A vision of a classroom in which students are actively engaged in exploring and making sense of mathematics. 

* A new pedagogy that supports inquiry. 

* A major role for technology in enhancing learning. 

Yet, if progress is to be made in mathematics education through changed curricula, we have to realize what this says for teaching. Jerome Bruner in The Process of Education (1977) wrote, 

 If it (new curricula) cannot change, move, perturb, inform teachers, it  will have no effect on those they teach. It must first and foremost be a  curriculum for teachers, flit has any effect on pupils, it will have it by  virtue of having an effect on teachers. (p. xv) 
 

How do we prepare teachers to teach these new inquiry oriented curricula if we accept that the textbook is not the total curricula and that teaching matters?

 The Nature of Teacher Education Programs 

Teachers must be engaged in teacher education programs allowing opportunities to actually be involved in doing mathematics through interesting problem situations that embody important mathematical ideas. Such opportunities allow teachers to explore how mathematics can be used to represent situations, so that they can look for patterns, make conjectures, look for evidence to support those conjectures, and craft this evidence into logical arguments. Such contextualized problems provide opportunities to use mathematical analyses to make predictions or reach conclusions supported by the evidence. Problem contexts can compel a learner to invent new ways to use mathematical knowledge and skill to solve problems and connect ideas across school subject areas and with real world problems. 

A dilemma mathematics teacher educators face is that, while such experiences with mathematics are critical for future and experienced teachers in learning content and in developing sound beliefs and understanding about what mathematics is, the experience of solving such problems is not enough. They must be guided to abstract from experiences with solving problems the common mathematical concepts, ideas, skills, procedures, and structures that have more universal application. 

Experience with abstracting and making explicit the embedded mathematics is critical to learning how to teach through big problems. Without this step in the process of problem solving, learners are left with a set of isolated problem experiences that may not be connected in their minds nor associated with the important mathematical content that was the original learning goal. While the payoff for students can be great, teaching through big problems increases the complexity of classroom instruction for teachers at any level. Mathematics teacher educators must rethink the whole process of providing support for learning to teach during initial licensure and throughout teachers' careers. 

Problem-Centered/Inquiry-Based Teaching 

Posing mathematical tasks in a way that promotes inquiry creates new classroom roles for instructors. This impacts teacher education programs in both the content and experience of learners in our programs. If learners are to have opportunities to explore rich problems within which the mathematics will be confronted, the instructor has to learn how to be effective in at least four new roles: (a) engaging learners in problems in context, (b) pushing learner's thinking while their exploration is proceeding, (c) helping learners to make the mathematics more explicit during group interaction and whole class synthesis and summary, and (d) using and responding to the diversity of the classroom to create an environment in which all learners feel empowered to learn mathematics. This is notably different from traditional practice in teaching mathematics. 

Traditional practice offers a sense of accomplishment for teachers. Things get done. Students and teachers move through mathematical material in an orderly way. Teachers explain, demonstrate, and monitor student practice. Students listen, observe, and then practice skills and procedures that can be applied to specified kinds of problems (Swath, 1996). By the time teachers enter college, they have spent over 2,300 days as participants and observers in mathematics classes. In college they spend another 600 or more days as students of mathematics observing the teaching of professionals in an area. From their experiences as students, they form beliefs about school subjects, about what classrooms for different subjects should be like, and about the roles of the teacher and students in these classrooms. This apprenticeship of observation (Lortie, 1975) is usually within a school community that represents only one of the many kinds of diverse communities existing in any country. This adds to the narrowness of the conceptions built about what teaching and learning mathematics should comprise (Floden, 1991). 

McDiarmid, Ball, and Anderson (1989) echoed these concerns when they stated, "Beyond representing the substance of a subject, teachers also represent its nature" (p. 7). In order for teachers to help students obtain more authentic and productive notions about mathematics, teachers themselves need to believe that mathematics is more than just memorizing rules. Yet, US teachers tend to give inconsistent messages about the goals of mathematics; i.e., neatness, correct answers, rules, and procedures (Stigler & Perry, 1988). 

The deeply held beliefs of teachers about what can and should happen in school, about what is possible and what is desirable, and about the nature of understanding are particularly difficult barriers to reform in mathematics or any other subject (Stigler & Perry, 1988). But teaching cannot be improved unless professionals confront what teachers bring to teaching. McDiarmid, Ball, and Anderson (1989) also emphasized the importance of teachers' mathematical knowledge. After reviewing current research in this area, they concluded 

 Recent research highlights the critical influence of teachers' subject 
 matter understanding on their pedagogical orientations and decisions.... 
 Teachers' capacity to pose questions, select tasks, evaluate their pupils' 
 understanding, and make curricular choices all depend on how they 
 themselves understand the subject matter. (pp. 13-14) 
 

However, it is not just the amount of engagement with content that matters. The quality of the experience, the ways in which teachers learn what they know, matter. In order for  teachers to change their teaching, they must develop, around reform curriculum and pedagogy, a new sense of success and self-worth as teachers. Ashton (1985) called this a teacher's sense of efficacy. Research has suggested that teachers with a strong sense of efficacy produce higher performing students, are more responsive to students, and persist longer with struggling students (Aston & Webb, 1986; Woolfolk, Rosoff, & Hoy, 1990). The challenge is to help both mathematics teacher educators and preservice teachers build a strong sense of efficacy around a vision of mathematics, in which solving problems and connecting what one learns are the central activities. This is in contrast to a vision of mathematics that is limited to filling a mathematical toolbox with a set of discrete skills and algorithms. Demands on Teachers 

Documentation of prevalent practices in many mathematics classrooms has described a portrait of about 30 students sitting in neat rows with all eyes on the teacher, as she or he demonstrates the procedure to be learned that day, and then all student eyes on their own papers, as they practice what the teacher has demonstrated (Dossey, Mullis, Lindquist, & Chambers, 1988; Romberg & Carpenter, 1986; Stodolsky, 1988). Today, this vision is especially true in our college mathematics classrooms. In contrast, the reform vision of the last decade asked teachers to 

* Reach all students. 

* Turn some of the authority for mathematical "truth" over to students, individually and in groups. 

* Monitor the work of students in groups. 

* Rethink the nature and purpose of assessment. 

* Teach mathematics through bigger problems. 

* Use appropriate tools for doing mathematics. 

Each of these demands is a huge hurdle for teachers and for those who work to support teachers. 

Inclusion of all children is of such importance that it deserves more attention. Children who are lost to mathematical learning have imposed on their future a set of boundaries on job possibilities and advancement, on understanding the communication of everyday events, on managing their affairs, and on making thoughtful decisions in the policy and political arenas of life. Students are often disenfranchised on the basis of poverty, racial diversity, linguistic diversity, and gender. Many studies have reported differences in disaggregated pupil performance and examined the conditions of schooling that contribute to these differences. (Massachusetts Advocacy Center, 1990; Oakes, 1990). There have also been many reports of efforts that have had great success in reaching students who have been previously ill-served by their mathematical opportunities (Moses, 1989; Secada, 1994; Secada, Fennema, & Adajian, 1995; Silva & Moses, 1990). One of the most recent of these reports is particularly germane to examining the challenge of educating teachers. The QUASAR Project at the University of Pittsburgh was a national educational reform project funded by the Ford Foundation to study the development and implementation of enhanced mathematical instructional programs for students attending middle school in economically disadvantaged communities. Teachers have been key in this work. The results of 5 years of effort in QUASAR schools showed evidence that students from poor communities can improve their mathematical performance with the help of instruction emphasizing reasoning, problem solving, and understanding (Silver & Lane 1995). 

The work of QUASAR is commensurate with the arguments and vision already advanced in this paper. The QUASAR project has examined the work of teachers through a perspective that takes into account the social nature of learning. A major role of the teacher is assisting students in their learning. To do so, teachers work to create learning environments in which the interactions between teacher and students and students with students help to support learning. The ways of giving and receiving help become part of what is learned by students. With time and experience, learners integrate these sociocultural practices of the classroom into their ways of thinking and use them in new situations where they seem useful. As the learner changes, the teacher's instruction must be responsive. Thus, the teacher assists learning and, in turn, is assisted by students' learning to devise new instruction and ways of pedagogical thinking (Brown, Stein, & Forman, 1995). While this work was aimed at understanding how teachers can work to enhance learning in middle school classrooms, there is a message for educating teachers. Attention to the sociocultural practices of the classroom offer ways of influencing preservice and experienced teachers to examine their beliefs about mathematics, the learning of mathematics, and the role of the teacher in the process. 

The Role of Professional Development 

Helping experienced teachers change the mathematics they teach and the ways in which they teach  it is extremely difficult. Many efforts have failed in the past, yet experience and research have taught us a great deal--we now have a better idea of what types of professional development promote lasting changes in experienced teachers. As Knapp and Peterson (1991) noted, 

 Most previous reform attempts in mathematics education are now judged to 
 have failed primarily because researchers and curriculum developers failed 
 to take into account the existing knowledge, beliefs, values, and purposes 
 of teachers ... and of the cultures and contexts in which teachers work. 
 (p. 2) 
 

Some important characteristics of successful professional development programs are as follows:

 * Student learning is the goal. 

* They are strongly related to the curriculum and standards for which teachers are held accountable. 

* They build on teachers' existing beliefs and knowledge, but push teachers to examine their knowledge of content and their beliefs and practices. 

* They offer support for  teachers that takes into account the realities of their school situations. 

* They help build collaboration among teachers. 

* They offer instruction and support that goes beyond a 1-day or 1-week workshop. In fact, many researchers are reaching the conclusion that 1 to 3 years of support in rethinking their practice is essential to help teachers realize real, lasting change (Cohen et al., 1990; Schifter & Fosnot, 1993). 

Summary 

It is exciting to realize that mathematics and mathematics education are developing fields in which there are and will continue to be unanswered questions and debate. Our work in educating teachers for the 21st century can be built solidly on many things that we already know, but there is much to study and learn. The tools for creating environments in which teachers and teacher candidates can learn what they need to know to teach good mathematics well are increasing rapidly. The possibility of supporting teachers' professional growth throughout their teaching career is closer to a reality. The capability to end the terrible isolation of teachers is at hand. We just have to find the will to act as a community to take advantage of what the 20th century has taught us, as we move to build new kinds of program to educate and support teachers. 
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