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INTRODUCTION

Clarence J. Dockweiler
Texas A&M University

The teaching of science in the elementary and secondary schools of this country has been

analyzed and studied to a considerable extent. At least two of the most significant efforts, Project

2061 (American Association for the Advancement of Science) and the Scope, Sequence, and

Coordination Project (SS&C) of the National Science Teacher's Association, will, apparently,

effect change in many schools.

The goals of these two science education reform projects are ambitious indeed. Project

2061 is a long range projezt which is attempting to build an approach from the ground up which

meets the needs of the learner, the sciences, and society. The SS&C Project includes a program

and activities which are designed to have immediate impact in secondary school science. Each

project addresses basic changes in the organization and presentation of the science curriculum. The

emphasis is on a meaningful integrated approach to the study of science while including problem

solving and higher order thinking skills as an important component.

In addition to these two major national efforts, the State of Texas, through the Texas

education Agency (TEA), is taking a serious look at science education reform. The initial emphasis

of TEA is the science programs of grades 7 through grade 10.

The Center for Mathematics and Science Education of Texas A&M University sponsored

an invitational conference to consider the implications of these develc,pments in science education

for teacher preparation programs. The Conference entitled "Science Education Reform:

Implications for Teacher Education" was held May 17 and 18, 1991, in College Station, Texas.

Invited paitcipants included science supervisors from public schools, science educators from

higher education, representatives of the publishing industry, and classroom teachers (list of

participants included). Those of us responsible of the scheduling and program deemed the

Conference a resounding success. The keynote presentations were right on target and the ensuing

13



discussions were productive as the pages of these proceedings will attest.

The two principal advocates of science educatioh reform were keynote speakers for the

Conference. Dr. James Rutherford (Project 2061) and Dr. William Aidridge (SS&C) provided a

meaningful, relevant context in which to discuss the ideas of the two reform projects and their

extensions to teacher education. To extend the two project presentations, each project was

represented by site personnel to discuss the development of activities and classroom practices

which have already taken place.

Following the presentations and project discussions, the participants were able to contribute

in a meaningful way to subsequent conversations which weie to focus on the role teacher education

should be assuming in the preparadon of science education for this new day. The small group

discussion summary reflects the extent of deliberation that the keynote addresses initiated.

The proceedings are designed to stimulate further discussion. The participants will be

invited to react to the document and they will consider the formulation of recommendations based

on the Conference Proceedings.

Recognition is gratefully noted of the involvement and commitment of colleagues and

graduate students in Conference planning and preparation. The corporate sponsors were

particularly generous in their financial support and their recognition that this was a worthwhile

project. A successful conference depends on the work and interest of many people - we had an

abundance of both.
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FIRST KEYNOTE ADDRESS

DR. JAMES RUTHERFORD

PROJECT 2061

THE IM?LICATIONS OF NATIONAL SCIENCE

EDUCATION REFORM EFFORTS
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Teacher education is an appropriate thing to look at, and I think rather neglected in terms of

how we are going to bring about reforms in elementary and secondary education, so I'm delighted

to have you think about this and to have the privilege of presenting my ideas to you about it. I

think one has to recognize when we say teacher education we're talking about a very complex

system of events and places and undertakings. It's not just something having to do with colleges

of education and it's not something to do simply with the academic departments either - they're

both part of the problem that we have right now. Teacher education has to do with the kind of

content knowledge teachers must have, and their craft skills. Every advanced profession has a set

of craft skills that have to be mastered in order to do the work. It also has to do with licensing and

credentialing - a sad story in America in which states all over the country pretend to enforce

standards for entry into the profession when, in effect, there are essentially no standards when it

comes right down to it. It deals with recruitmenttand placement of teachers - what is the process

for how people become teachers?

Local and National Perspectives

Teacher education is probably the last of the parochial activities. It's strange, that we think that

universities are in the business of producing teachers for schools that happen to be nearby. Or in

their state. What's the logic that Texas A&M,bould be producing for Texas as opposed to Connec-

ticut, or North Carolina, or New York? Is there something different about science and mathe-

matics in Texas, something different about children, something so different about the culture that

only a person educated to be a teacher here could possibly operate? Localism is part of our

sloganeering in this country, but I think that's part of the whole proposition of how you get a

teaching faculty whose standards are whatever dimension you want. There's the whole question

of market competition. You know there are three million of us who teach school in America - the

largest single profession there is. You have to get those people by having them choose teaching

instead of something else. So, there is constant competition with the sciences, with law, with

medicine, with business, and so the circumstances that create the market for employment of

9
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teachers determines to a very large extent not the quantity, but the quality of the people that you can

get. In fact, quantity and quality are inter-mixed and part of the whole problem and confusion in

teacher education. We just haven't looked at the entire system by which the nation develops its

teachers. You understand that I am spealdng from the national perspective. I do not take the view

that America is made up of 50 entities. We are a nation, where people move everywhere. They

don't stay in Texas, they don't stay in California. We are a dynamic moving society. So when

one looks at teacher education from the national point of view, it seems to me that we haven't

investigated the kinds of institutional rearrangements that may be necessary, the employment

practices, or the whole question of continuing education of such a large profession which, as you

know, is underfunded, is feeble, and practically doesn't work.

Education Reform

All of these questions are about the current failure of the teacher education enterprise in

America, an enterprise incidentally in which there are 1300 institutions of higher education

engaged, some of which probably do not match the standards of a good high school. It's not at all

clear that we need any more than perhaps 300 institutions to do the job if you take a different view

of how teachers are selected and prepared. The reason for launching into a reexamination of the

teacher education enterprise is that reform is in the air. We are talking about it, and in Texas and a

few other places, we are doing some things about it. If you are going to have reform, if you take

that to mean that you are going to change the natvce of schooling - the curriculum, the content, the

way in which business is done in some fundamentai and dramatic ways - then it seems to follow,

that we have to start thinking about how to produce the teachers who are able to carry the reform

forward. How do you produce them in the right quantities, along the right path, so that they fold

into the system at appropriate times and ways, and so that over a period of a quarter of a century or

so you can gradually change the character or the nature of the people in the profession. So, reform

calls for us to think about teacher education, what is it we would like people to know and be able to

do, and how can we make it possible for reform to happen?

I propose to talk about reform in teacher education from two perspectives; one being that of
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the nation as explained by President Bush and Secretary of Education Alexander, and then I would

like to talk about just one reform project, namely Project 2061. As you already know, the Bush ad-

ministration has an education initiative in which science plays a major role. I think it would be

useful to see the implications that each of these approaches to reform have for teacher education.

What each seems to be telling us, what each would like to do, what it means for teacher education.

The Historical Context

The first thing I think you have to look at is the context of reform. John Fackler said that it

makes a difference in what you think the purposes of reform are, why you need it, and what's

driving you to want to change the system. I'd like to remind you that the United States on the

national level has been engaged in science education reform since World War II. The current

reform movement didn't really begin this decade, it began during the war. James Bryan Conant,

the well known scientist, distinguished person in world affairs, and President of Harvard

University, pointed out that a liew understanding of science in relation to culture and society was

needed. And it was shortly after that that he went to Harvard and produced the famous Red Book -

aciffigt.EduratikaAndificrelaciretz - which still may be one of the best things you can read on

the topic of science education reform even though it was for one rather peculiar institution. But,

the motivation, the articulation of why we had to reform science education has changed. After

World War U, the reason was industrialization. We were an agricultural nation becoming an

industrial nation and therefore the old education would not work. Part of the reasons for the GI

Bill wasn't because we didn't know what to do with all the GI's coming back, but rather that they

weren't properly educated for the new industrial world. Then, toward the end of the 1950s, we

got into the Cold War, with Sputnik and the race to the moon - it was like a super bowl that no one

knew who would win. And that race was the driving force that provided the political energy for

the so-called reforms of the 1960s that many of us were engaged in and which shaped the way we

went about our work.

These previous reforms by and large did not question the organization or the structure of

schooling. The purpose of Project Physics or any of the others, was to do a better job within the
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given structure. The political troubles in the 1970s generated a few reform ideas, but they didn't

get far. But two things happened in the 1980s, at the very time the Reagan administration was

trying to get rid of the Department of Education and were canceling out education programs at the

National Science Foundation. First, we discovered that on the world economic front, we were in

trouble. Germany and Japan seemed to be passing us by, taking over the classical American

position in the world. The second involved low test scores, which actually started to go down

long before. The current federal reform effort is driven primarily by economic competitiveness. I

want to come back to that because I think that is narrow, limited thinking, not fundamental enough

to suststin reform for the 25 to 30 years it would take to create a new system.

The Federal Plan for Reform

So let's examine the administration's plan by pointing out that the President and the

Governors have agreed that we have six national goals to reach by the year 2000. The list includes

1) ensure that every child starts school ready to learn; 2) raise the high school graduation rate to

90%; 3) ensure thai each American student leaving the 4th, 8th, and 12th grades can demonstrate

competence in core subjects; 4) make our students first in the world in math and science

achievement; 5) ensure that every American adult is literate and has the skills necessary to compete

in a global economy; and 6) liberate every American school from drugs and violence. Science and

mathematics come out very well, don't they? They are mentioned in two of the items. Items three,

four, and five, in a way, are the substantive part, and one, two, and six are mechanisms, for

presumably if you keep kids in school they'll learn more - that hasn't ever been particularly

demonstrated but it's a belief.

Notice in this list or the versions you have read that are extensions of these, there is no

mention of teachers. Teacher education may be inferred from this; that if you want to be first in the

world in math and science you ought to have the teachers that can get that to happen, but you have

to infer it - there's nothing in the national goals that makes that kind of claim. Now you may

wonder, since math and science educators feel good about getting double mention, especially

number four which sounds terrific, what do you imagine the public thinks? Gallop recently
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conthicted their annual poll on educatiou and they asked folks which of those six goals should be

given the highest priority - how would they rank them and which of them are feasible to achieve.

The public says that being first in the world in science and mathematics ranks dead last and that the

other things need to be attacked first. And then, if you talk about feasibility, what's the likelihood

that we can acIreve any of these? I just mention that to point out that when VP3 talk among

ourselves you can get the impression that the world out there, the country, is just so eager for us to

get good in science and math, but it doesn't show up in the data.

Now if those are the goals, our leaders have a strategy called America 2000. The strategy

is described in a document - America 2000: An Educational Strategy. On page one, the document

states "America 2000 is a national strategy, not a federal program, that honors and affirms states

and localities as the senior partners in paying for education." A message in the document from

Lamar Alexander, Secretary of Education, further explains that "The America 2000 Education

Strategy is a bo!d, complex, and long-ranged plan." The glossary of the book includes 20 key

terms such as "America MOO Communities," and what you have to do to become an American

2000 Community, "Better and More Accountable Schools," the definition of which is a fifteen-part

improvement package for today's schools, which has to do with school choice and report cards.

There's the new "American Schools Development Corporation," which is a private entity to fund

R&D to create the new schools. It's interesting that the one federal enterprise that everyone agrees

should be federally funded - educational R&D - will now be turned over to business and industry.

And one last term: "Unleash America's Gen:us." This has four parts. Part one says "first we have

to fix up today's schools" and goes on to describe how to do that and then we want to invent what

they call the New Generation of American Schools. Then there's continuing education that we

have to provide for all adults, and finally, communities and families have to be brought back into

the picture :n education.

Now I don't want to quibble, but I would call those goals rather than strategies. I don't

think that matters as much as dr ^hance it gives us to examine the document in relation to teacher

education. Teacher education doesn't appear in the list of strategies, or even in the sentences that
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describe those strategies. Let me note that in the first strategy - Better and More Accountable

Schools - they discuss achievement tests, Presidential citations and scholarships, report cards to

the nation, and choice. Finally there is an entry called, the School as Site of Reform, which is

buying into the notion that it's the local school site where reform will really take place. That idea

has a consequence for teacher education. If you believe that local reform is necessary, then I

suggest that teachers have to learn how to create new curricula and new schools. Teachers have to

develop the skills to do this unless you believe that school site reform is a simple matter. There are

other ideas about schools, such as the Governor's Academies for Teachers, Differential Teacher

Pay, Alternative Teacher and Principal Certification, and Honor Teachers. So, in the goals for

Improving Today's Schools, there is some mention of teachers or teaching, but no call whatsoever

for changing the system fundamentally.

If you look at the chapter on Creating a New Generation ofAmerican Schools, there is

nothing that I could fmd that deals with 'education of teachers, but there are two things that I think

are implications that we have to pay attention to. One is called Breaking the Mold. This is a quote,

"The R&D teams," those teams that the private sector are going to fund, "can be expected to set

aside all traditional assumptions of schooling and all the constraints that conventional schools work

under... time, space, staffing, and other resources... , radically alter the cu:tomary modes of

teaching and learning, and redesign the human relationships..." and so forth. Now, not only does

that sound good to the ears of Project 2061, but it seems to me that there are implications for

teacher education. How is that going to happen unless we create teachers who are ready

psychologically and intellectually to operate in a vastly different enterprise from the one thLt exists

now? You can't just create something new without having the people who can operate it. And so

if that comes to happen, then it seems we would have to simultaneously figure out how to do

something about it.

The last item in this category is Bringing America On Line, by which they mean that they

are going to convene a group of experts. Calling or leading a committee really seems like the

necessary first step for anything, but they are going to get these experts together and "determine

91
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how one or more electronic networks might be designed to provide the New American Schools

with ready access to the best of information, research, instructional materials, and expertise." It

does not mention that the continuing education of teachers in the future will almost certainly have to

be delivered by going and getting teachers on line into the new, technological information-

delivering systems, and learning systems of the future. There is no mention of it, but we can infer

it and behave as though that's what they have in mind.

To be fair, let me say that there is in Washington a level of energy now, a determination

that hasn't been there since the 1980s when the Reagan administration came in, that will at least

articulate the need for reform in education. They are going to keep it on the national agenda, you

can count on that, for at least two, probably six years. And that's an advantage. What we have to

do is to make sure we take advantage without buying into some propositions th'it we may not want

to support. But even if the administration sticks to its guns, there is not enough money to have

much influence anyway. They are requesting another $690 million for their strategy in the '92

budget. Now $690 million is less than one half of a percent of what we spend on education.

That's less than inflation; it hasn't anything to do with reform; it's not money. A direct quote from

the plan says: "But America 2000 is not expected to raise state or local spending." So they're not

going to put much money in and they are saying this strategy won't require local and state

government to put much in either.

The Project 2061 Plan for Reform

Well let's look at 2061. The details of Project 2061 will be presented by Peggy Carnahan

and Deb Larson, two of our team leaders, one from Texas and one from Wisconsin. We believe

you have to spend money in large quantities, but let me express my own bias on this. The schools

spend too much for what they currently deliver. The rhetoric that says we don't have a cost-

effective system is correct, but we will never get one unless we make capital investment in

changing it. And that investment is measured in some large number of billions of dollars. If we

don't solve that problem, all the good will in the world won't quite make it. Let's get back to the

question of why you want reform. Remember that I pointed out that economic competitiveness,



along with low test scores, is the driving force of the current federal initiative. Actually, the

fundamental and lasting reason that we have to change science education is that the world has

changed. The last hundred years have seen an incredible change in the way a large fraction of the

world's population lives. We're in the third century of the great revolution of the human

enterprise, fueIed by science and technology and mathematical thinldng. The schools here, or any-

where else in my view, have not yet been able to recast themselves to deal with this changing

cultural phenomenon that we're undergoing. We're in the middle of a vast cultural revolution in

which science is coming to be the central purpose - the role religion had in the Middle Ages. The

kind of central position that, if you don't understand it, you're simply out - you are not even a

spectator, let alone a participant.

The reasons for people wanting and needing to know something about science and mathe-

matics surely has to do with utility; it does have to do with getting jobs, it does have to do with a

country being able to have a good economy. Surely it has to do with social responsibility and

democratic societies whore we all participate in making decisions that knowledge and

understandings on .nly help. Incidentargy, scientists never provide answers, they don't agree on

almost any of the social issues of the day, but that's important. But more than that, at any one time

knowledge has intrinsic value in its own right. There are some things we have produced

collectively over the centuries that are so central, so important, so significant, such a measure of

what the human race achieved, that an educated person should know something about them. It's

true in literature, it's true in the arts, it's true in science and mathematics, and in the great

inventions of technology. And even deeper than that is die notion that what science is doing now,

has been doing for 300 years, is on the forefront of helping us all come to better understandings of

ourselves, and ourselves in relation to other persons, society, and to the natural world where we

are in space and time and history. You only have one lifetime and it isn't just to work, to help out

the country's economy; it's to gain some understanding of yourself as you move along.

And fmally, in this cultural change that's taking place, if you want to participate, if you

even want to be a good spectator, if you want to be in on this incredible adventure in which every
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day the newspaper brings new and exciting information about the world, then you must have some

understanding of what is happening. If you haven't the knowledge, you haven't the concepts, you

haven't the language, then you can't be part of it, and that's a loss, and that deprives you. This is

true whether you are a child or an adult. These are the things that persist and become even more

important no matter what our economy does. If you believe that this vision of the world and

human endeavors is the driving force for the need for reform, it does haveconsequence for teacher

education. We need people in teaching who have broad perspectives and understand the purposes

of what they are about. They should understand history, not only history of science, but the

hiLtory of the world and the human race. They should understand liberal arts and sciences in their

classical meanings.

Project 2061 has identified four strategies for reform. These four strategies indicate

possible implications for teacher education. Let me first discuss one of the strategies, Establishing

Visionary Learning Goals. That's what Science for all Americans attempted to do. It attempted to

communicate what's fundamental; what would you like everybody to know, after they've forgotten

everything else, after you've taught them all you can teach them, and you've taught it to them three

times and then it drifts off - what is the residue? Not only what, but in what sense, in what

context, what's the character, what are the interrelationships of the knowledge. That's why it is an

essay instead of a list - those interminable lists of objectives - because to understand the sense in

which you need to understand things, the levels of sophistication, the kind ofvocabulary, you

need to lay all of that out, otherwise the things are slogans and lists.

For teacher education, Science for All Americans says everyone in education, at any level,

of any subject, ought to have all of their understandings, but should go considerably beyond that.

And if you take the notion of comprehensiveness seriously, there needs to be a teacher education

plan that involves all the kids and all the teachers of all subjects and all grade levels, going beyond

teacher education only in science. We're not simply talking about the education of people who are

going to wear a label saying "I am a science teacher." History teachers must learn science and

understand how it fits into history, and social studies teachers, vocational teachers, and technology

1 2 17



education teachers must do the same thing. It says to teacher education: you have to come out into

the world if you are going to be in this enterprise, really understanding the scientific enterprise.

That doesn't mean going into a lab and doing an experiment. You can do experiments by the

hundreds and have not the foggiest notion what science is all about because that's not the way

science really works, it's not the way knowledge is advanced in science. Teachers need an under-

standing of science, the sciences in relation to each other, to mathematics, to technology, how

knowledge is advanced, what the limits and constraints are, and be able to see the world through

the eyes of science. The purpose is not to understand physics, or chemistry, or biology - why do

people have to understand every field you can mention? The purpose of education is to help people

understand nature and social smictures. And the real question is what do the sciences bring to bear

that will help us get better understanding of ourselves and our world, the natural world and the

social world, and the way things work? It's understanding the world that counts, not being able to

prove that you know the structure of physics. In addition, teachers must understand the

perspectives that cut across the disciplines. If you don't know how the sciences fit in to the fabric

of humanity and understandings and behavior, then you're simply following a thread and you

don't see the tapestry, and that restricts the value of your education. And finally there are those

things called habits of mind. Not quite scientific thinking. I don't know what scientific thinking

is, I don't know what critical thinking is, and higl.zr order thinking skills. There are ways of

addressing thinking in terms of evidence, in ways of drawing conclusions from evidence, in ways

of displaying ideas, in what you ask questions about - how to use logic. So there are ways of

thinking that have to do with the way the scientific enterprise works. And teachers, all teachers,

need to come out of college with all of these things as a part of what they know. As for com-

prehensiveness, not only are teachers going to be able to work with each other and across fields

more than they do and make other connections, but they're also going to need to be able to relate

them to the other dimensions of the system.

The Reform of Teacher Education

What we are doing in Project 2061 now, and have been doing for two years, and still have



a couple more years to go, is to look at all the other dimensions of the system in relation to what

new curricula would look like across K-12. For example, our blueprint on teacher education will

specifically raise and address all the issues that we are able to identify in creating curriculum

models. Just let me mention one or two of these. Imagine an organintion in which high school

teachers do not teach 25 hours a week. Teachers may teach ten or twelve hours, when they do a

lot of coaching, when they run clinics, where they supervise students who do a large fraction of all

the teaching, where they work with other adults who come in and work in the schools to bring

teaching and understanding into the school in a variety of ways. Once you've changed the

organization, you need a new kind of teacher who has different kinds of skills - intellectual skills,

managerial skills - a different sense of how one goes about doing the work.

Take the case of materials and technology. Suppose the question before long isn't whether

California and Texas agree on defining a textbook, but that with all the curriculum projects going,

we move toward diversity and toward new ways to deliver science content. If fundamental,

technological changes are made in the way kids address knowledge and work with it, the role of

the teacher changes. If you have systems that deliver, electronically, pieces of material that

together make up a kind of structure for a kid, or a few kids, or an aggregate of kids, then you

need teachers who think differently about how they work. They don't work their way through a

textbook any longer, they take bits and pieces and form them together in relation to a task they're

trying to work out, in relation to what they know about the development of children, using the

basis of curriculum developed by experts.

Consider the question of assessment. If you sort out the purposes of trying to find out

something about what is being learned, by far the most important factor has to do with the

relationship between a teacher and a student; that privileged relationship that really is no ow else's

business, not even the parents. It's like the physician patient, the lawyer client relationship; that is,

it is a close, intimate thing having to do with working for a child, not to make judgments about

their quality cot what they are going to do next, but to help them master some ideas or skills that

have been decided upon. That means that the assessment, this difficult job of discerning how a
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child is moving and what they are learning at any time in relationship to where you think they

should be, will take enormously sophisticated skills as well as new tools for teachers to use.

That's one of the most important things they're going to have to learn in the future. Assessment

for the purposes of informing ttiird parties - parents do have the right to know something about

individual students, so do colleges, and so do future employers, and the military. Teachers have

always been the best source of judgement about a child and how hard they work, what their

personality is like, what they seem to learn well, and what they don't learn so weld. You don't

need fancy tests for that, you need teachers who have been developed to be sensitive and clever at

making judgments. By and large that would be a communal judgement done by a set of teachers

that watch a child over time in lots of different contexts. It's only when you get into the third kind

of assessment - how is the system working - that you can have policies. That's a tough, political

problem. In my judgement, the students should be absolutely anonymous. You only need a small

handful, a thousand or so, no matter what you're talldng about, Texas or the country, to make

some informed judgments about where they are about the system. But teachers don't have to do

that. They ought to resist that approach when it's done poorly, and they ought to know enough

about testing and sampling to distinguish between the kinds of testing that just overburden the

system, the nonsense of testing every child in every other year or something.

Finally, let's just mention re4earch and technology. If we expect one day to have a profes-

sion that draws more effectively on a research base, a knowledge base, then teachers are going to

have to be trained to do that. Preaching to teachers about what the research says is a mistake

notion, on how research knowledge gets into a field. It doesn't happen that way in research-based

activities such as engineering and medicine. We have to look very carefully at how we can get a

cadre of teachers who can have a sense of relationship to R&D activities on an ongoing basis.

Among the tools Project 2061 is developing are databases - teachers are going to have to learn to

operate databases, electronic networks, and so forth. They have to become sophisticamd in

technology and that doesn't mean just knowing a little bit about how to work a computer, it means

much more. So teachers will need new content, new craft skills, new technological sophistication



along with better understanding of their purposes. They need design skills because they are going

to be involved in the process of creating curricula. They need a research orienteon. How do we

accomplish all of this? I don't know, but things will have to change if there is to be any chance of

doing it.

The Role of Universities

The universities are culpable. The math and science departments are contributing little or

nothing to the solution of this problem; they are part of the problem. They teach science in a way

that is a poor model of how science teaching ought to be done. They teach the wrong content.

They won't take elementary school teachers seriously. They won't recast the knowledge in terms

of the philosophical and historical anti pedagogical nature in relation to kids and their development.

Until they do that, we're not going to get the kinds of teachers we want. And the craft side is no

better. There are very few schools of education in America that are able to take seriously the notion

of turning out a person with the craft skills that would be comparable to what a young architect

would have, or an electrical engineer. Maybe they can't even do it. I think the model of the law

school isn't the right one; maybe it's the medical school. And maybe we can't do it in four years

or five years. For something as simple as law, you need to earn a bachelors and then three years.

So maybe we need a bachelors degree and then three years or four years. We need to talk about a

system that looks at teacher education entirely differently, with new institutional arrangements. If

there are questions about how this can possibly be achieved, part of the answer is that we have to

go for quality, not for quantity. Teacher education has a very nice situation currently in that we do

not have to turn out lots of teachers. We can probably develop a system that can get by with vastly

smaller number of teachers, perhaps as much as a third fewer. The uses of technology will change

the stakes of the game. If we imagine making this change over the next quarter of a century, the

turnovers of teachers are such that the tetN;hing staff of three million people can be replaced with a

new, differently-trained staff over that period of time. These teachers would have different perspec-

tive, different knowledge, different skills, different senses of what their purposeF are. And during

that same time, if we reconstruct the process of teaching teachers so there are fewer of them and the
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quality is higher, teaching will turn out to be one of the best jobs in the world. School teaching is

on the verge now of being an extraordinary job. The newspapers are full of stories that MBAs

can't get jobs, and one day a similar situation will happen with lawyers. It's very close; change the

circumstances, change the numbers, change the expectations so that standards are higher, and the

higher we make the standards, the more attractive it is, and the more people will want to get in.

We can do it, but we can't do it tomorrow.

I applaud what you are trying to do here, you have to look at it from many angles, lay out

strategy, say what will be our contribution over the next century. Work for the time, say when

Texas A&M and three or four other places in Texas become premier. The big name universities are

of almost no consequence when it comes to teacher education. Harvard, Berkeley, and Stanford

certify a few teachers but not many. If those universities disappeared, you wouldn't know it as far

as teacher education is concerned. So it's not simply that there are good universities and they are

doing a terrific job, but it's a matter of recasting the enterprise. And I think there is a chance for

the places that really want to be pioneering to strilce out now, stick to their guns, and set the path

toward a new way of thinking, attracting, and placing teachers. Placing teachers so that we can, in

a quarter of a century, see that we not only have some new curricula and a new organization, but

we also have the best people you can find - superbly educated, making the system work.

Resources

America 2000: An Education Strategy. 1991. Washington, D.C.: U.S. Department of

Education.

Science Foy All Americans. 1989. Washington, D.C.: American Association for the

Advancement of Science.
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I don't regard the Scope, Sequence, and Coordination (SS&C) Project as a radical reform.

Others do, but I don't. I regard it as a rather modest attempt to reconcile solid evidence from

research with practice in schools. I think the evidence is overwhelming. I think it's largely

ignored, and I think it's time to make the necessary changes to take into account what that evidence

suggests, and I believe it is entirely possible to be first in the world, in science not by the year

2000, but in fact, by the year 1997 or 1998, well ahead of that schedule proposed by the President.

I'm talking about natural science. That's the field in which this reform is aimed. I'm not

competent to deal with economics, sociology, political science, religion and ethics, morality, and

all these other areas. I'm not confident that science is very successful in those areas, and in the

past when we've allowed ourselves to move into those areas or to be influenced by them, science

has suffered rather badly. The interest of this project is in doing something to improve natural

science and to do this at the secondary school level. We have just received funds to initiate a

project at the elementary school level. But I will not be involved in that; We will use people who

are experts in elementary school science. What I'd like to do today is to outline quickly for you the

nature of the SS&C project, try to show specifically what we are trying to accomplish and how.

Then we can see how our project relates to teacher education. I think the best way to begin is to set

the stage in looking at what we now have and contrasting that with what ought to be. Fortunately,

I have a nice chart to use, it comes from the cover of Chemecology, a publication of The Chemical

Manufacturers Association. They've taken our idea, the layer cake, and rather cleverly presented it

on their publication cover. It says at the bottom, "Education Reform is No Piece of Cake." What

is being shown here is the level of participation at the high school level in science in the United

States. In this country, and in this country alone among industrialized nations, about 80% of the

young people, study biology. This is about 80% of those who graduate from high school, which,

of course, is only 75% of the population. By the time they get to chemistry, that figure drops

down to 40% and you can see some frosting and other cake in the illustration representing earth

science. It has been mixed in because there isn't much of it, about 11%. And then fmally at grade
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12 we are showing this very small 20% participation in physics. This is the national average, and

in Texas it is less than 10%. What that means is that most young people participate in life science,

and some smattering of earth science, and almost nothing in any quantitative science. As a

consequence, we have an enormous illiteracy, quantitative illiteracy, that relate to the lack of under-

standing of the physical sciences. There is illiteracy even of the quantitative components of the life

sciences. Essentially all young people are taking 5 hours per week of life sciences at grade 7,

where we attempt to do everything we would do in 4 or 5 high school courses in life science, and

compress it into the one year. This is followed by everything we would do in earth and physical

sciences and chemistry compressed into one year, and then general science of some kind,

compressed into one year. Sometimes these patterns are changed in various ways, depending on

the state.

Then at high school the dropout period begins; if students don't have to go, they don't.

And they proceed then on through this sequence until finally we have a relatively small number in

physics. A typical response to this is that only certain people can learn anything quantitative, only

certain select people. And of course the reste-us can't learn it, and that message is conveyed to

the children. It's conveyed in every way possible, that they can't do it, and if they do this kind of

thing, it's because they are going to become a scientist or an engineer, and therefore, don't bother.

This is not true in Japan. If one studies hard and learns a lot in Japan, it's because he or she

studies hard, not because they have an aptitude. Here in the U. S. it's because of aptitude. It's a

very clever devise to avoid having to do anything. Let me just try to outline some of the evidence

and what might be done to change the existing system withoui radical reform. I admire what Jim's

trying to do at AAAS. It's going to be tough to do all that, and it will take him all time, to

accomplish those goals. In the meantime we've must do something.

Let's look at some of the evidence and how it relates to practice. Consider Dempster's

paper, "The Spacing Effect: A Case Study in the Failure to Apply the Results of Psychological

Research. This is a synthesis piece. The Spacing effect is everywhere. The evidence for it is

overwhelming. The differences are so great; it's not a matter of using analysis of variance or



t-tests. The distributions don't even overlap. The benefits from spacing the learning are

overwhelming; we're the only industrialized nation in the world that does not take advantage of this

research. The other kinds of research are largely connected with how you learn anyting in

science. And this comes out of the work of the cognitive psychologists, from Bruner to Rosanne

Driver and others who were looking at preconceptions and seeing how one must build from these

preconceptions to understand science. Contrast this approach to what we do in our typical courses.

Biology, grade 10, chapter 3, is Structural Organic Chemistry, preceded by one page of all there is

in atomic theory - Chapter 3 that is. Chemistry does a little better, they only do the atomic theory in

Chapter 3. This is absolutely bizarre. It means nothing to these kids. They don't understand any

of the material. Neither do the teachers who are using it. In p lysics, what do we do first thing?

Vectors. The most abstract thing we can think of. And we throw that out in Chapter 1. That's the

what is being taught. We make nci effort to relate the level of abstraction to the experience of the

person. We make no effort to build the experience in any systematic way. We make no effort to

provide the necessary experience from which the symbols and the words and the terms have any

meaning. I don't want to abandon science because we fail to do that. I don't want to succumb to

the fallacy of the excludelmiddle. There are some of you out there who are doing things

correctly, and who recognize these kinds of problems, and are doing a good job of teaching in

spite of this kind of organization. And we can't ignore that; we can't just look at the terrible things

going on, and assume that we've got to just 6:stroy everything because of what is happening that

is so bad. We all know that it is bad, I'm not suggesting otherwise. Well, where did we get this

situation - where did the layer cake come from? When I went to TEA to testify, I got hit by an

editorial in the Houston PGA from somebody whom I don't know. She talked about how I went to

China and came back and brought this Communist stuff and told Texas how to do their curriculum.

I've never been to China myself. But the reality is there were some affite snobs up in New

England in 1893 and they gave you what you've got right now. It didn't come out of Texas, I can

tell you. It came out of the Committee of Ten of the NEA in 1893 when they developed the

Carnegie unit. That's how you got the thing. There's research that shows that we ought to get rid
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of it. I don't know of any research that shows we should keep it. Maybe you do, but I can't find

it. Now what are the kinds of cognitive research that supports some kind of radical change? I've

mentioned the kind of thing Rosa line Driver is doing, and others. There's other research that

shows the ldnd of sequencing to be carried out with the materials if you're to understand what

yau're doing. Linda Crcw, from Houston, is here and will be presenting very specific information

about materials that are being developed and used with kids in schools - real schools with real

teachers. And there are other sites that I shall mention shortly. Now, what's this thing called

Scope, Sequence, and Coordination, and what's it trying to do? Let me just try to summarize its

features, although they're in the little brochure we handed out and they're presented .n greater

detail in the rationale paper you will find as well. As I said before, we are concentrating on the

natural scien.:es. We're trying to get some balance among the basic sciences of physics,

chemistry, biology, and the earth and space sciences. These happen to be those disciplines in

which basic laws of science arise, some of which are quantitative, some of which are descriptive.

There certainly are relationships between the sciences, and there certainly are areas that are disjoint.

To believe that you are going to learn science without isolating variables, is to not understand

science. Discipt Ines exist because it was necessary to do so, and the kind of research that has been

done over history in these various areas is such that the disciplines haven't been eliminated. The

disciplines are becoming even more disparate. There are even more of them now than before. We

once had natural science, and that's all we had. Now we have all these various disciplines, some

of which provide information and knowledge in very basic areas. There is something called a

basic concept. And a concept is not the same as a principle. And it's not the same as a law. And

it's not the same as a term, or a fact. A concept is something else, and there are relationships

among concepts, and there are symbols that represent them. If you don't understand those things,

you're not going to understand any science, and you are certainly not going to be able to use it

solve any kind of problem. If you don't understand even the most basic concepts of physics or the

relationship among the concepts of physics, you're not going to be able to apply those to solve

personal or societal problems. And the people who have to deal with such societal problems are
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oftentimes teams of Phd's. The SS&C project attempts to provide science, natural science, for

every child, for six years, ultimately K-12, if we get an elementary program going. It advocates

that that study be sequenced and well coordinai:-.L ht the middle years, we are suggesting that this

be integrated and at the high school years be coordinated. We believe that at the high school level,

particularly grades 10, 11, and 12, the level of understanding needed by a teacher to teach anything

with any depth at all will not permit integration, as desirable as that might be. And I'm talking

about integration among sciences, not going to other fields. I'm saying you might be able to have

two-field integration, but I doubt seriously that you could have three-field integration. I'll give you

an example of a relationship in biology which happens to have relationships among several other

fields. I bring it up because I'm surprised that most people aren't familiar with it. It's the Weber-

Fechtner Law in biology. A rather simply law that is responsible for the fact that in astronomy we

have certain ways of assigning magnitudes for stars. That's astronomy - a biological law. In

chemistry, it's why we use pH; in physics, it's why we use decibels. It's the simple law that

spans the disciplines, and few people in science teaching have the slightest understanding of that

law or where the decibel comes from, or where the pH comes from, or where the magnitude of

stars comes from. A simple biological law that can be learned in grade 7, where we think we can

teach it. It's a protective device that protects the species. If you have a stimulus acting and you

want to detect a change in that sdmulus, you have to present a stimulus that is proportional to the

stimulus already acting. That means that it has to be logarithmic. That's true of taste, acidity that

is. It's true of hearing, sight, and it's tnie of pressure. And it's true for any sensory thing for any

organism. A fundamental law of science, and that's what I'm talking about when I say integrated

or crossing disciplines. Other laws are not like that - there are other laws that are isolated to a

particular discipline and may not have much applicability. There are other laws which have no ap-

plicability, thank God. They're interesting in their own right, and their worth learning because it's

fun to do this. And someday, someone may even find an application. I studied non-Euclidean

geometry once and I asked the teacher near the end of the course, "what possible use is there for

this stuff' and she said "none, I hope". I have a lot of respect for that lady, and never did I see an
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application for it.

We're trying in SS&C to present a sequenced, coordinated, instruction as I've described it

with integration at the middle :evel. We believe that you should have direct experience with a

phenomenon before you symbolize it or begin to use it in equations or relationships. Take into

account where people axe - that means preconceptions - the jargon is preconceptions, the old

language used to say start where the kid is. So our new jargon says preconceptions. They mean

the same thing. Focus on fewer topics, less is more, we agree with that. Much of what I'm

saying, by the way, conies out of Chapter 13, of Science for All Americans. Jim Rutherford has

looked at all of this and has a much more ambitious and difficult task to do the things he wants to

do. I'm absolutely convinced that essentially everyone can understand the sciences at a high level,

high compared to what we are doing now, which is generally trivial. People now don't under-

stand. You know that. The tests are horrible. You know that. We're not measuring the kinds of

understandings that we desire, partly because it's difficult to make such assessment instruments,

and people are working on that. But partly too, we are forced to teach huge quantities of material

in order to satisfy accountability. So you are required to cover large amounts of material nobody is

learning. Very often the material is so abstract, and the level varies so much over the time that you

have, that it's just a wasted effort.

Where are we now and what are we trying to do? The project at this moment has created a

core of science that we believe essentially all kids should understand when they have graduated

from high school. We've tried to look carefully at Science for All Americans. We've looked at the

goals. We've looked at the themes. In many cases we've able to categorize or group material

according to those themes. We've also tried very hard to recognize that even though there is no

such thing as the scientific method, there are such things as processes of science that are fairly

legitimate. You can see these processes occurring in science. I'm talking about things like

classification, that's a process used by scientists, and I'm talking about making observations, and

drawing inferences, and forming hypotheses. People try to account for something, creating

metaphors for what's happening, and seeing if that metaphor works, and modifying it when they
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run into some situation that forces them to modify it. As you know, kids learn our scientific

metaphor, like F=ma. That's a scientific metaphor. The minute you finish testing them for it, they

go back and use the old ones. They believe they are taking the test to do what we want them to do.

They really don't believe what they are taught because they've never been forced to confront their

own experience. Their experience tells them that our laws are wrong. You've never given them

any experience which violates that. You create all these abstract situations which they don't

understand anyway, and don't even believe exist. They've got to have the experience and that's

what we're trying to do. The SS&C content core is presently out for review to about 200 people

who participate in some way with this project. Many of you will shortly receive copies because

you're involved in it. We're asking people to provide the necc:sary feedback, and the material will

be revised and then it will be used by all the centers we have in the project. It will also be

distributed to publishers and others who may want to btgin to produce the materials for use in

schools. I have a copy here. Let me talk about the SS&C project is being developed. It involves a

number of centers working somewhat independently but also working through a coordination

center (NSTA). There is a separate, independent documentation and evaluation component being

carried out by Iris Weiss, at Horizon Research. fris has a subcontract to document precisely

what's happened, since the project's inception. It is the first time, I believe, any kind of a major

project has had that kind of documentation. She's a tough documenter. She gets at the facts. She

doesn't hesitate to identify things the way she sees them, and that gives us, credibility. We like

that. These various centers, of which Houston is one, each produce materials by a particular mode

that they have chosen to follow with agreement on the core. When you've identified the core of

science, that doesn't mean you have specified how it's to be taught. We are ready to accept the

idea that you can teach something in a variety of ways and accomplish the same goal. We have set

down what we believe are the goals, and these centers design ways of achieving them. For

example, in Iowa, Bob Yager is trying to achieve the same set of goals, with the same core, by

means of a technique that he calls STS, an attempt to look at problems and issues. When he's

finished doing this, the matrix of what kids have learned should match the matrix that we have
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described here in the core. In Puerto Rico, where Manuel Gomez is running the project with

something like thousands of kids, he's attempting to do a very structured, systematic, highly top-

down arrangement where his small group of very competent people are presenting what looks like

interesting and exciting material. He's working with these schools and will ultimately implement it

in all of them. Houston is where we really have the most movement so far because we started

there, Linda Crow and Bill Thompson of Baylor College of Medicine, working with the Houston

Independent 3chool District and Conroe, are both here. Their's is an attempt to work with

teachers, it's not a top-down or bottom up, but sort of like a middle out. You'll hear more about

that, where the teachers are directly involved in some cases preparing the materials and in other

cases trying to provide the necessary formative evaluation of materials that are developed by teams

of teachers, scientists, and others. The other sites include North Carolina, where the entire state's

involved, and California where Tom tells me there are 214 schools involved - that's a complex

situation out there and difficult to assess. They don't have that much money and it's hard to see

what they're doing and I'm anxious to see what they can accomplish. So there are quite wide varia-

tions in the utilization of this mode and there are places attempting to do Scope and Sequence that

are not being funded. Kokomo, Indiana claims that they have taken the ideas we have and simply

took the whole district and made the change themselves without support. We've been working

with a number of very elite independent schools which are anxious to make the change. I myself

have visited and consulted with the Newman School in New Orleans and two or three schools in

Washington D.C. that are expressing interest. North Carolina is one of those states that did receive

a systemic initiatives grant from NSF, and that's coupled tightly to the Scope and Sequence Project.

So we expect that to be significant assistance to that statewide effort. I want to be sure to give

Linda adequate time to talk about the specific situation in Houston, but I'd like to make a few more

comments about the general project and it's implications for teacher education. Did you see last

Wednesday's USA Today, that little pull-out section? It's a little pull-out section on education -

math and science education. They have a couple paragraphs on what we're doing, they have a

couple paragraphs on Jim's project. And when they did the interview, I said one of the nice things



about Scope and Sequence is that it will help solve an important problem. The problem has to do

with elementary school teachers. The fact that in this country most elementary school teachers

have neve; studied science at all, anything, even in hign school - no quantitative science. As a

consequence, it is very difficult for them to do anything serious with science at the elementary

school level, and I pointed out that if we have SS&C in place, and every J that came out of

high school had six years in physics, chemistry, biology, earth and space science, those people

who would become elementary school teachers would not need to have college science courses. It

would not be necessary. By the way, that is the way it is done in at least one other country in the

world. Elementary school teachers, in fact, are trained that way, only in high school science.

With this program in place, none of the elementary science teachers will require any science in

college. Now about teacher education. Let me point out first and foremost that you hear a lot of

stuff about how bad teachers are. You hear this business about how we folks come from the low

end of the ability distribution, our average SATs are low compared to these other groups, and all

that stuff. People who make that statement don't understand simple statistics. If you take a large

distribution of people, and teachers can constitute a huge distribution of people, roughly 2.3 or 2.4

million, and you look where the mean is on any meb-,Irt. at all, it's going to be below the mean of a

smaller sample. A smaller sample like, for example, the people who will become research

scientists at which there are 60,000 or 70,000 physical scientists. Now the reality is, that if you

took the top end of the distribution of teachers, people who become teachers, the absolute number

of people at the top end of the SAT is larger for teachers than for the research scientists. The

absolute number of people who are very, very bright is much greater than the absolute number of

people who are going to become research scientists. That may not be good, but it's true. You're

dealing with a huge distribution of people, and there are many very bright young people who are

going into teaching, and that's important to remember. And there was a time when that number

was even larger, when opportunity for young women was restricted largely to teaching. The

number of very bright people in teaching was much higher than it is now. They've left - because

other opportunities presented themselves, and they lowered our average by doing so. But that's
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something else. And what does this project on Scope and Sequence imply for teacher education?

If you're teaching at the middle level, you need to understand science in several areas. You need to

understand the basic laws, basic principles, basic concepts of at least these four areas. That means

that you don't go and get a baccalaureate degxee in physics. You have to study several areas in

significant depth. You need a thorough grounding in physics, chemistry, biology, earth and space

science. If you don't have it, and many don't, there should be some kind of inservice opportunity

and that's the immediate problem. The immediate problem is inservice, the ultimate problem is

preservice. You can do something about the inservice because we found in Houston that those

teachers are remarkably capable of learning that material well and understanding what they are

doing with relatively short amounts of time, and they enjoy it. They are competent to learn it, and

they are anxious to do so and they do very well. Jim Rutherford has suggested that if teachers

learn the subject matter in the context of the materials they are teaching in class, they'll be interested

in learning it and they'll succeed in learning it. And that's the context in which we're recommend-

ing people to have preservice, not as separate courses in science. That's one implication. Second

is preservice: obviously you have to have some kind of broad curriculum. I'm talldng about

secondary school now. At the middle level and at the high school level it would be desirable to

have two field preparation, at least. There are only 19,000 physics teachers in the United States

who teach one or more courses in physics in high school. Fewer than 2000 of those teach nothing

but physics, am' there are huge numbers of those who teach physics, chemistry, biology,.., for

which they have no prepari at all, and they don't understand any of the rr2terial, and they can't

deal with it adequately. Ano that, the only other comment I would like to make is that we

really are aiming to focus much more strongly on experience, on hands on, on laboratory, on

activities where people work with real phenomenon. And I don't mean simulation and those little

ditto sheets that are supposed to be teaching the laboratory. Only they are really some kind of

analogy. They have nothing to do with reality. I'm talldng about real phenomena. There's a real

effort in this project to move things in that direction. Some of the materials that have been

developed- will be available for use in schools for the 1992-93 school year. The blocks that are



coming out of Houston are going through review and revision this summer. They will be refmed

next year, and made available in general for the following year. We have reason to believe that

there will be materials for publishers available in time for the California adoption, a year ahead of

Texas adoption, that will properly provide these kinds of experiences. We are hoping that our

project will focus more on the kind of thing illustrated by this little transparency. With that, ril be

happy to respond to any kind of questions. I didn't say anything about assessment - we are

running a rather large assessment project. If you want details, I would be happy to provide them,

but that seems to me to be peripheral. Now for questions.
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SYNTHESIS OF GROUP DISCUSSIONS:
SCIENCE REFORM AND TEACHER EDUCATION

IN THE STATE OF TEXAS

Carol L. Stuessy
Texas A&M University

Introduction

The title of our conference: "Science Reform: Implications for Teacher Preparation,'

empo Azes the importance of teachers in the process of implementing reform. Educational reform

is never easy, but it becomes particularly difficult when any group declares itself the one "in

control" and underestimates the powerful role of the teacher in the process The teacher basically is

the most important agent of change within any educational reform effort. Essentially, it is the

teacher who effectively does or does not do the job. The teacher is the one who formally educates

the children of this generation and passes on the dreams of the society to the next. The teacher

inspires, interfa translates, motivates, encourages, facilitates, evaluates. It is a powerful

thought, is it not, that it is the teacher who actually transforms the lofty goals of any "ideal

curriculum" into the reality of "classroom science" for the next generation? Behind the closed door

of the isolated classroom, the teacher is expected to be the one who indeed "makes it happen" for

the future needs of our society and the individuals who comprise it. As our educational system

now operates, all other stakeholders in the educational process play minor roles in comparison to

our teachers.

Many of the stakeholders were represented at the conference - state officials, district

administrators, textbook publishers, science professors, teacher educators, community leaders,

parents, as well as the ones who ultimately effect the reform, the classroom teachers. In the

discussion groups, representative stakeholders were charged with discussing how best to set the

stage for reform for two different goups of teachers: preservice teachers and practicing classroom

teachers. Most of the comments centered on inservice preparation of existing classroom teachers
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for the reform, although some were directed towards preservice university preparation and others

applied to both groups. Many of the discussants described their first-hand experiences as

practicing teachers in having been required to implement the latest "new plan" in their classrooms

to solve a new set of ills. Many were very familiar with the concept of having to do "just one more

thing" every year with little compensation, time, or assistance in implementing new curriculum,

instructional practices, discipline plans, or educational policy. Other comments were more focused

on the university side of the problem, which overlaps with preparation of classroom teachers who

can model and discuss the new reform as it applies to direct classroom practice.

The process of synthesizing the reports from the discussion groupsfirst involved a notation

of the similarities among the groups regarding suggestions and comments about "teachers and/or

classrooms." These similarities, noted as "topical headings," such as "need for information,"

"common vision," and "flexibility," became place holders for clusters of similar comments.

Subsequent readings indicated that some headings were not well supported; those were

incorporated into ether headings or eliminated. From the clusters associated with each topical

heading, a few major ideas were generalized that appeared to be supported by each of the

discussion groups. Each of those ideas is summarized below.

Needs of Teachers In the Reform Process

Teachers Need Information

Teachers at both the level of preservice and inservice education need clear, concrete,

information about the science reform efforts being planned for the State of Texas. Many of the

teachers at our conference were not at all clear about the new options regarding what and how to

teach children in science. On the first line of business, teachers need answers to the most common

questions about Ala, faytham, and Arm. Teachers also need information about the models for

curriculum, instniction, and evaluation and guidelines regarding how the models can be

implemented effectively. They actually would like to see "clear modeling of actual teachers
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implementing this type of curriculum."

If outcomes of science reform are expressed in terms of "scientific literacy" and that term is

not well defined or understood by the major stakeholders in the enterprise of science reform, how

can one expect a common purpose to be shared by parents, administrators, classroom teachers,

children businessmen, and university professors? If teaching practices and testing procedures are

very different from those understood to be appropriate for traditional science are required in order

to meet the new outcomes of science reform, then teachers need information about how to get there.

If the district or State goals include not only scientific literacy goals for K-12, but preparation for

college science classes and/or job preparation skills as well, teachers need to understand how these

goals fit together and "make st se" in the science cuniculum.

One cannot ignore the implications that reform has for standardized testing practices. Most

practicing teachers were prepared to teach science that resulted in traditional learning outcomes

easily measured by mass-testing methods. Outcomes associated with the new science curricula

include conceptual understanding, problem solving, reasoning, making and testing conjectures,

and other higher-level thinking skills. Although teachers understand the worthiness of these new

goals, instructional practices for reaching these goals are often foreign to teachers who were

prepared to teach for content-oriented goals. Teachers ask questions about how to teach for higher-

level thinking outcomes and how to measure whether students have indeed acquired them. The

problem is exacerbated when one realized that, at this time in out State, methods for evaluating

learning and teaching at district and state levels in many cases contradict the reformed vision of K-

12 science education.

Teachers need accessible, teacher-friendly, effective communication channels at all levels

for information that directly affect classroom practice. They also need information from other

teachers who are implementing changes in curriculum. In some instances, they may need

university classes or staff development plans to help them increase their knowledge in particular

subject areas or to help them increase their repertoire of instructional and classroom management

strategies in order to facilitate the development of the newer, less familiar leaning outcomes
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associated with higher-level thinking, shared decision making, and collaborative learning.

Teachers Need to Share A Common Vision

Direct knowledge that the vision is shared by all stakeholders in the reform enterprise

would go a long way to encourage traditional teachers to take the risks associated with altering

instruction and testing practices that are necessary in reforming science education in this State. All

stakeholders, including teachers, need to understand the outcomes that are expected from science

reform efforts such as SS&C and Project 2061. All too often parents, district personnel, State

agencies, and even university professors, are identified as barriers to change. A special note was

made in several discussions about the role of high school science classes in preparing students for

university science classes. One characteristic of science education reform is that the curriculum is

meaningful, relevant, and contextual to the present life of the developing learner. There is no

justification for content-bound mastery of factual information because it prepares students for the

"next level" of education, whether it be college, high school, junior high or middle school, or

fourth grade. This is a difficult concept for many, particularly those stakeholders in the educational

enterprise who view the primary job of the teacher as prerxing learners for college.

New teachers adopt instructional practices that have been modeled to them by their previous

teachers: cooperating teachers in student t aching, university science professors, and high school

science teachers. In a time of reform, inexperienced preservice students will need numerous

examples of experienced teachers who model the shared vision of the "new" science curriculum.

In field work and student teaching, preservice students might be paired to work with teachers who

share the vision of reform. University science classes and methods classes could open the

communication between them and include the classroom teachers who share the dream and

ultimately hold the major responsibility of translating the dream into practice.

Common perceptions associated with the system of the university include "science

departments at the university [that are] fragmented" ... "turf issues within the various science

departments," ... "little incentive for science profeisors to become involved in the changes needed

to enhance science education," and "current focus of administrators on granted funding [that]



influences faculty's budgeting of their time", as well as "methods teachers who are out of touch

with the reality of the schools." A collaborative, shared effort must include university professors

who understand and buy into the vision of science education reform. The public school science

classroom may need redefining as a "university laboratory" for university professors and students

to acquire first-hand information and experience about the new methods associated with teaching

and learning science.

Teachers Need Resources and Time Flexibility

The implications of reform for those involved in preservice teacher preparation are easier to

discuss than the complex issues associated with staff development for practicing teachers. Needs

in terms of resources and time are often mentioned together. Even when resources are available,

teachers must find the time to juggle overloaded classes, paper grading, science laboratory

preparation schedules, and teacher conferences in order to take advantage of resources available to

them. In order to adopt the vision, practicing classroom teachers need a system of support and

communication that provides information, resources and flexibility. The comments that follow

touch on several ideas that were expressed by the groups.

In some ways, Texas is late in adopting the idea of science reform. Teachers need

resources available at the national level to assist them in acquiring materials, new knowledge,

feedback, and support. Resources proved by various sources including educational institutions

and professional groups such as the National Science Teachers Association should be available

through communication networks that are accessible to teachers, during the teachers' school days.

Other resources closer to home include "experts" in particular areas that include parents,

community, district, peer professional groups, and university. Local networks also could make

those resources accessible to teachers. One suggestion was that preservice teachers and university

personnel should be included as team members to work as "experts" within the team who perform

specific, important fuilcdons associated with their own field of interest and expertise.

Teachers need flexibilit: g their vyork days to allow them to access information , use

communication neworks, find resources. Flexible time management would allow teachers time to



seek and acquire resources, to structure instructional time wisely, to attend formal staff

drvelopment programs, to plan curriculum with other teachers and preservice teacher, and to meet

with parents and community leaders. Time management models that maximize flexible scheduling

and vary instructional grouping would allow time for teachers and science supervisors, for

example, to consider issues and solve problems associated with implementing science reform.

Integration of university students and supervisors into the instructional day could be a viable

method to acquire some flexibility, as well as to give more actual experience to preservice

education students.

Teachers Need Support

Teachers need support in instituting a science reform that breaks down the traditional 19th

century barriers of discipline-bound science. Change always brings with it uncertainty, fear of

failure, and some reluctance to take risks. Educational support can assist the change process,

however. Much of the uncertainty and reluctance may be caused by a lack of adequate background

knowledge in other science subject areas. Teachers have been prepared to teach the discipline-

bound sciences of biology, chemistry, physics, and earth science. Science, regardless of

discipline, is a way of knowing about the world that is not often depicted in the discipline-bound

science classroom. Chemistry as a subject, for example, is not often experienced by students as a

way of making sense of the natural and technological world in which they live. Discipline-bound

science is not often taught as a unique method of inquiry that allows students to perceive its

usefulness and unique contributions in their everyday lives. This viewpoint is particularly difficult

for a secondary school teacher whose preparation for teaching required an in-depth study of one of

the major disciplines. This training is very different than a course about science that encompasses

all disciplines and focuses on the nature of science as a process and the disciplines as particular

modes of inquiry. The generalized term "science teacher" and its new ideas and processes related

to the teaching of science as "less is more." In comparison, the term "physics teacher," which

actually connotes depth in a particular subject area, may represent a more restrictive vision of

teaching that does not easily mesh with new interdisciplinary and/or integrated science viewpoints.



Teachers also need support in changing their attitudes about science reform. Negative

attitudes about science reform may indicate a teacher's lack of understanding and knowledge about

plans for reform, self-confidence regarding ability to change, distrust in adminisvators ana state-

level decision makers, disappointment in not being included in the decision making process at

some level, or a lack of recognition for the commendable job they have been doing already.

Rewards and feedback that indicate teachers' effectiveness in implementing change may play an

important role in changing teachers' attitude about the change. Another motivator may be explicitly

stated permission and support to experiment, innovate, and challenge their students in ways that

are supported by their peers, their direct supervisors, and higher administration.

Questions Raised

No longer can teachers be expected to do their jobs in isolation of the other stakeholders

within the educational enterprise. The task of preparing our children to meet the world of the

future reaches far beyond the notion of the isolated classroom with its closed door. Effective two-

way channels must be established and nurtured between and among teachers, school

administrators, families, community members, university personnel, and numerous psychological

support persons. Do we know who the major stakeholders are in the enterprise of science

education reform? Can we assist in establishing networks and vehicles to stakeholders? Can we

involve teachers at each level to assure that they receive the information, shared vision, resources,

flexibility, and support that they need in order to be effective agents of change?
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