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                  P R O C E E D I N G S         [1:10 p.m.]


Agenda Item:  Opening Remarks - Dr. Labov


DR. LABOV:  Good afternoon everybody, my name is Jay Labov, and I am the study director for this project—   this Math/Science Partnership (MSP) that we have with the National Science Foundation. I am co-PI with my colleague Sally Goetz Shuler, who is from the National Science Resources Center; you will get to know her a great deal more this afternoon because she will be in charge of doing the exercise that we’ll be involved with for most of the afternoon.


I just wanted to give you some words of welcome and introduce some other people to you and also tell you a little bit about who we are for those of you who may not be familiar with the National Academies and what it is that we do here.  


A little bit later you’re going to be so excited at what hear; you’ll think that you’re hearing violins, and that will be true.  Part of that is because of the excitement of this, but it is also because the Academies have a program called the Arts and the Academies and we are having a concert this afternoon by the Debussy String Quartet, which will be over in the auditorium. From my understanding they are going to be in here warming up.  So you won’t be hearing things, but it will be a nice addition to what it is that we’ll be doing this afternoon.


We are trying to make all of this information available to everybody in the MSP program and we are going to be producing a series of workshop proceedings for all the workshops that we do. Therefore, according to NRC rules, only what is said at the workshop can be included in the proceedings report, so if you have something that’s on your mind and you need to say something that you want to be sure gets into the proceedings, make sure that you say it.  The other part of this is that we may drive you a little bit crazy, but we are recording the session; therefore we are going to have to ask you to speak into a microphone and identify yourself.  And we have wireless mics so we’ll bring it to you, that’s not a problem, but this is just part of some of the arcane rules that we work under here and this is what we need to do—but we think in the long run it will really benefit all of you as well as your colleagues and your partnerships and people in other partnerships who are not here.


Let me introduce some of the staff who will be working with you. Janet Garton is program officer who works with me in the Center for Education at the National Research Council; she, Terry Holmer, and I will be primarily involved in attending to any needs that you have.  We’re very good and we’re very fast, so if you need something copied, if you need something that’s missing, just let us know and we should be able to get it to you hopefully within minutes, maybe a little bit longer then that depending on how many requests we have.  But we are here to help you and to work with you and we really want to do that.


It would be easier to identify the people who are here from the National Science Resources Center, the staff who are going to be working this afternoon, a little bit later during the time that we’re actually doing the exercises.  I also want to introduce two people from the steering committee who are here today and who are helping us think through the way that all these workshops are planned and executed.  We have a total of four workshops a year, so that’s a lot to ask of the steering committee members to come to Washington so often, so we’re sort of rotating them.  And this time we have two people from our steering committee who are here, Herb Brunkhorst, who is a professor at Cal State University, San Bernardino, and Mary Colvard, who is teacher/leader from New York State. She has been a teacher of high school biology for many, many years— she recently retired—and she has worked with the New York State Department of Education and she will also be co-facilitating this workshop over the course of the next two days.


Let me tell you a little bit about who we are and the kinds of things that we’re trying to do here and why we think that having this kind of a workshop for you at the National Academies is most appropriate.  For those of you who are not familiar with us, the National Academies actually consists of four organizations: the National Academy of Sciences, which was chartered during the Lincoln administration in 1863, so we just celebrated our 140th year; the National Academy of Engineering, which was an offshoot of the National Academy of Sciences, and chartered in 1964.  The Institute of Medicine was established for health issues in 1970, and the National Research Council was established in 1916 during World War I.  The first three are honorific societies where members elect other members. The latest class of the Nobel Laureates from this past year are members of the National Academy of Sciences, so we have some of the world’s best, certainly the nation’s best, scientists, engineers, and people involved with the health professions who are members of these honorific societies.


The National Research Council was set up to be the operating and research arm of the National Academies, and most of the reports that are produced here are done through the National Research Council, and I’ll have more to say about that.  


In regard to the picture of Albert Einstein here in this room, I’m hoping  that you will take some time during a break—maybe we’ll even lead a pilgrimage—and go see the Einstein Memorial, which is where we took this picture, on the corner of Constitution Avenue and 22nd Street.  We can go out and sit by Einstein’s feet and contemplate the universe as he saw it the day that the monument was dedicated.  It’s a wonderful place, especially on a beautiful day like this; hopefully during the next couple days you’ll have a chance to go out there and enjoy that.


There are two major purposes of the National Academies. The first is to advance science and technology, to help people understand the nature of science and how it works and what it does, and to provide the best evidence of science and engineering in medicine to the nation and to the world.  The second goal is to advise government, both on applications of science and engineering to public policy.  Bill Wulf, president of the National Academy of Engineering, says that the role of the Academy is to tell truth to power. The idea here is that we’re trying to take information that is already known; we’re not an original basic research organization. We take what’s already known and we attempt to bring together people who can make sense of that data and try to translate it into policy that can then be used by government officials and by other public policy makers in thinking about the ways to go about making informed decisions based on scientific evidence for the kinds of things that they need to do.  And we’re also here to advise the government on policy to help continue and nurture science engineering in health care itself.


As I mentioned to you, the National Academy of Sciences was incorporated in 1863, and at the end of the act of incorporation, which was a Congressional act, said that it shall, whenever called upon by any department of the government, investigate, examine, experiment and report upon any subject of science or art, art then being equivalent to technology, and here’s the kicker, but the Academy shall receive no compensation whatsoever for any services to the government of the United States, and this has been our tradition.  

Now we’re all here, and it’s staffed because we actually get paid, but the way that the Academy works, because of this particular clause, is that everything that we do in rendering policy decisions and recommendations is through committees that work primarily pro bono.  So the members of the steering committee, for example, who are here and who will be working on this project for a couple of years receive no compensation whatsoever.  We provide their travel expenses, we give them a lot of food while they’re here, and we ask them to do a lot of good work for us.  There have been other committees as you know in which the study can range anywhere from six months to a couple of years and sometimes even more than that in which people give incredible amounts of time, effort, and expertise for no compensation.  This is very, very different from what happens in many of the other consulting firms that circle Washington, D.C., and this is part of the uniqueness of this place.

Just so you have some idea of how large we are these are the total number of members of the National Academy of Sciences, Academy of Engineering, and the Institute of Medicine, so you can see that there are many, many people who are involved as members.  And our strengths are the following: the stature of the Academies’ membership. As I said, most of these people are the preeminent scientists, engineers, and people in medicine in the United States and in some cases around the world.  We have the ability to get the very best to serve, people are willing to do work for the National Research Council pro bono that they may not be willing to do for other organizations.  The pro bono nature of committee service means that we’re hoping that they will not be beholden to certain special interests, and we actually have many policies here to prevent that from happening.  We have bias and conflict of interest procedure that we use to be sure that people and companies are not going to be benefiting personally, to the best of our knowledge, from the work that they do here and the recommendations that come out.

We have a special relationship with the government. We are not allowed, for example, to apply for competitive grants, so when there’s an RFP that’s put out, we are not allowed to do apply; instead we have master agreements with the National Science Foundation, Department of Education, Department Energy, and a lot of other groups in that we apply for grants through them separately and are not involved in competitions.  Typically the way that we get our work here is that there may be an act of Congress which mandates that the National Academy of Sciences will investigate the following, or the agencies may ask us to be taking on a piece of work, and this is typically how much of our work is generated.  Our staff are also very well qualified in the fields in which they’ve chosen to work; they generate ideas and then we can submit proposals to the NSF and other agencies.

We have quality assurance and control procedures here, and we are—I have to emphasize—a private nonprofit organization; we are not part of the federal government.  And so based on our relationship with the government and some legislation such as exemptions from the Federal Advisory Committee Act, when we set up our committees we are the people who select and ultimately approve them.  We can get input from a lot of people, but ultimately the sponsor has no say in who is chosen for a committee.  We are allowed, unlike many other groups, to go into executive session where members of government who are sponsoring a study are now allowed to be present while deliberations are going on about recommendations.  When we have reports that are produced, they go through an extremely rigorous internal report review process, and the people who are sponsoring the study have no say in that either.

We typically present the report on a particular topic to the sponsoring agency anywhere from one to three days before its release to the public, so the sponsor finds out about the report just prior to when the public does.  In some cases they’re very happy with the report, in other cases they’re not very happy with the report, depending on what it is that we’ve been asked to do.  But they understand that because of the processes we use here and that we get the best people to serve and we are highly interdisciplinary in the ways that we approach things, we ask people from a lot of different areas of expertise to look at a problem holistically. When they hold up an Academy report they can be pretty sure that this represents the best available evidence on a particular topic and some suggestions as to where future research needs to go, what’s currently lacking, and what we don’t know and can’t apply to the particular topic at hand.  And so our reputation for independence and objectivity is something that we guard fiercely in this place; and sometimes the procedures that enable us to maintain that drive us all crazy but it’s highly important that we do this in order for the reputation of this place to continue.

We do a number of different kinds of work here. Most of the things that we do are consensus studies, and I’ve already talked about the idea of the balance and composition of committees and the rigorous report review that they undergo.  This organization typically puts out one report—one major report—every working day of the year, so in the neighborhood of about 200 to 250 reports come out of the National Research Council every year. It’s a huge undertaking on virtually any topic that you can think of.  When the Challenger blew up, we were asked to do the work in trying to understand what happened.  When there were issues about silicone breast implants, the Institute of Medicine was asked to investigate.  The National Research Council also published the National Science Education Standards at the request of then President Bush and the National Governor’s Association.

We also have a lot of convening activities such as workshops and roundtables similar to this one where we provide people with information about what we know and to help them think about how they can use it in their own work as we’re doing here.  And we have a number of operational programs such as fellowships and associates for post docs, for young investigators, graduate students—all of this is available on our website.  We do some research and surveys to help guide our studies, education and training, and there are various kinds of databanks, for example, we maintain a databank on the survivors of the Hiroshima atomic bomb and that continues to this day.

Just to give you an idea of the total number of people who are represented on our committees in any one year—the top line in magenta represents, this only goes up to fiscal year 2000 but it continues pretty much the same— ranges in the neighborhood of about 5,600 to 5,800 volunteers per year.  And the lower line represents the number of study committees in any one year, which you’ll see is in the neighborhood of somewhere around 500 to 550 different study committees per year.  To maintain all of this operation, there is a staff of about 1,100 who work at the National Research Council.

I would urge you to go to our website www.nationalacademies.org to find anything that you need from us; we have a wonderful search engine. If you want to go to the National Academies Press, which produces all of our reports and makes them available for free for reading online, we have close to 3,000 reports now available for free for reading, that web address would be www.nap.edu.  

Now some of the reports that we produced are on this CD that you’ve already received, and we hope that you’ve had a chance to look through some of these.  This one focusing on learning, you’ll see that one of the reports that we’ll be talking about a lot in this workshop is how people learn, but what I wanted to point out to you and remind you, and our facilitators and presenters are also going to be doing this, is that we have built on How People Learn in a lot of our reports and there is a tremendous amount of knowledge here that’s been accumulated by the experts in their fields that we wanted you to have.  This is made available to you without charge as you’ve seen through our grant from the National Science Foundation. The 14 reports on here represent several hundred dollars worth of reports that you’ve received.  So we hope that you’ll be able to utilize these and we’ll be referring to a number of them as we go along.  And again, any of our other reports are available for reading for free on the web.

We also have a schedule of workshops that are coming up through the rest of the year that are listed here and we’re going to be repeating How People Learn, at least our plan at this point is to repeat How People Learn at the end of June and again in December.  And then in May we’re going to be doing a repeat of a workshop that we held just a month ago on Assessment of Student Learning.  And then in July we’re doing a workshop on a different topic of Enhancing the Quality of Mathematics in Science Teaching in the Careers of Teachers, and next year we’ll be setting up another schedule of workshops for MSP grantees and for people who are interested in applying for grants.

So we welcome you, we think you’re going to have a wonderful time here, and I should point out to you also that we have had an outside evaluator who has worked with us on the last two workshops; and as a result of the feedback that we received from the people who worked here, we have reorganized the workshops in many ways the workshops so that they will be much more hands-on, things will be tied together in ways that we think you’ll appreciate.  And we will also be asking you for feedback, at least some of you. Because we have a smaller number of people here, we’ll probably be contacting some of you in the near future to get your input, again, to help us through formative assessment to continually improve the workshops.  So we ask for your support, we think you’re going to have a great learning experience here, and because this is such a small group we want to be sure that you have your say; and if there are any questions or comments or ideas, please let us know and we’ll share them with everybody.  This seems to be the optimum size for having a workshop of this nature.

So I thank you very much, and now what I would like to do is to call on Janice Earle, who is our program officer at the National Science Foundation and who would like to make a few words of welcome.  Thank you.

[Applause.]

Agenda Item:  Opening Remarks - Dr. Earle

DR. EARLE:  Good afternoon everyone, it’s nice to see you here.  In some ways I’m going to reiterate some of the things that Jay has said but from a different perspective, that is, of someone who’s in the federal agency, the National Science Foundation, that’s supporting these workshops and just to give you a sense of what some of our thinking has been and why we we’re glad to be able to support this project.  

As those of you who are working directly with the Math/Science Partnership Program already know, one of the key features of that program is evidence based, and all of your projects are supposed to be incorporating this notion of being based one evidence as you proceed through your work over the next few years.  And if we think about one place to get credible evidence it seems to us at the NSF that one of those places is the National Research Council and the Center for Education. A lot of the reports that they’ve produced over the past several years, which you have on your CD, are things that have been supported by the NSF and some that have not been supported by others, but that’s not the issue.  The issue is the process by which those reports come to be and why we think they represent credible evidence.  

And I think that a lot of the things that Jay said are things that resonate with us as well, that is, the fact that these reports are generated by people who represent diverse points of view, that sometimes this drives us crazy as the sponsors, that we are strictly kept more or less at arms’ length as the process goes forward.  And that there’s a review process which is painstaking, and again, from the point of view of a sponsor seems interminable, it’s length, but the long and the short of it is, in spite of the fact that it takes this extended period of time to go through the review process, what comes out has not only substance but has been critiqued from a variety of perspectives and that critique has been incorporated into it.

So from our point of view, all of this is what I would call credible evidence. The report that you’re going to focus on in large measure over the next few days, How People Learn, I think has been one that’s been very influential, certainly in a lot of our thinking at the NSF.  If you look at our program solicitations, for example, you’ll see references to this report all the way through the various divisions in education and human resources, so it’s clearly had an effect on us.  And our hope is that you’ll go beyond just a mere acquaintanceship with the content of this report and the ancillary work that supports it and figure out how to take this and put it into the implementation work that you’re doing through the Math/Science Partnerships so that you have these not just to know about but to use and that your project changes to some degree as a result of what you’re able to incorporate through the learning in this workshop.  So that’s our hope.

I guess the only other thing that I would like to talk about, just to give you a little sense of something that’s happening at NSF now—I’ve been there for a while now, 12 years— is a focus on what I would call research evaluation and evidence as never before inside the foundation.  Partly this is because our current assistant director Judith Ramaley is really insisting that all of the EHR programs incorporate research into their functioning, and so this represents something of a change for us, but I think it’s a very worthy direction in which to go.  I think that all of us have to figure out credible evidence and how to use it in the work that we do and make sure that the work that we do is informed by it.  

So I wish you well as you go forward over the next couple of days in the workshop and hope that six months from now all of you have figured out how to take this work and incorporate it into your ongoing Math/Science Partnership Project.

[Applause.]

DR. LABOV:  Thank you, Janice.  Over the course of the next couple of days, the two members of the steering committee who are here, Herb Brunkhorst and Mary Colvard, will be switching back and forth in serving as facilitators and introducing other people, and so they flipped a coin and Herb gets to start today, so what I would like to do is to call on Herb to make a few remarks and then he will introduce Sally and Christos who will then tell you a little bit about the organization that they work for, the National Science Resources Center, which is a partner with us in this grant, and then will lead you into the exercise that we’re going to be doing for the rest of the afternoon.  Thank you.

Agenda Item:  Overview of the Workshop - Dr. Brunkhorst

DR. BRUNKHORST:  Thank you, Jay.  On behalf of the MSP Steering Committee and Mel George, its chair, I welcome everyone here.  When Mel asked Mary and I to facilitate this workshop, those of you who know Melvin George, there’s no way either of us could fill his shoes so I decided to take the left shoe and Mary the right and we figure maybe between the two of us well be able to accomplish what he has always been able to accomplish at these workshops.

The design of the workshop as Jay told you has gone through an evolution and it’s because of the feedback that previous participants have given use, and I believe Janet sent all of you a request for those things which you were looking for and hoping to walk away with.  And so we have made every attempt to address those needs; and, by all means, as Jay mentioned and I wish to reemphasize, if there’s anything that you’re not getting that you would like, don’t hesitate to tap us on the shoulder and say this isn’t working.  So please, please don’t hesitate to do that.

We’ll be starting this afternoon looking at a model of teaching and learning that bridges research and practice.  And the remaining parts of the workshop will delve much more deeply into human learning and then its applications for K-12 and higher education.  And some of that will be done in the plenary sessions and others with the breakout speakers.  

I came across a quote that I think captures this entire workshop. Liping Ma, who some of you, especially those in mathematics may be familiar with, wrote a book on teaching and learning in elementary mathematics.  But I thought she captured the spirit and I’d like to quote her directly. It’s “Do not forget yourself as a teacher of yourself,” and I think that really captures what this workshop is all about.  

And I’d now like to introduce Sally Shuler and turn it over to her.

Agenda Item:  Bridging Research and Practice: An Examination of a Teaching and Learning Model - Ms. Shuler and Dr. Zahopoulos

MS. SHULER:  I’m going to sit from here and talk if you don’t mind while Jay and Christos switch the computer.  I’d like to welcome all of you this afternoon on behalf of the National Science Resources Center.  And our organization is part of two institutions: it’s part of the National Academy of Sciences and the Smithsonian Institution, so if you can reflect upon the comments that Jay made and Janice made about this institution and the credible reports that it produces with respect to research and evidence, we are to embody the translation of that information, that research and evidence, into a way that can be translated into practice in the field.  

So we were started in 1985 by Frank Press, who then was the president of the Academy, and Bob Adams, who was then the secretary of the Institution, with a goal in mind that both of these institutions represent the two most credible scientifically rich institutions in the world, and we need to find a way to leverage this intellectual capital in making a difference in schools.

Agenda Item:  Bridging Research and Practice: An Examination of a Teaching and Learning Model - Dr. Shuler and Dr. Zahopoulos

With me this afternoon, I want to back up a minute and say that tomorrow we’ll bring some packets of information to tell you a little bit more about who we are, and we’re going to be launching a brand new website in about 30 days, or just before the National Science Teachers Conventions.  You’re going to find that when you get on our website you’re going to see a disproportionate focus on the research around each one of the areas in which we’re working.  

This is one of them and with me this afternoon are two of our colleagues, and I want to introduce Christos Zahopoulos. I’m going to let you say a little bit about who you are and where you came from.

DR. ZAHOPOULOS:  I’m a Ph.D. physicist, I’m at Northeastern University in Boston, and I’ve been working with teacher professional development and all sorts of other things that have to do with science education for the past 15 years.

MS. SHULER:  And we brought someone that is unusual in terms of workshop, Janine Underhill. Do you want to tell them a little about who you are and what you do and what you’re going to do here?

Ms. UNDERHILL:  Sure, my name is Janine Underhill and I’m based in Denver.  I come as a combination of an experiential partnered with some art.  So a lot of people say, oh, it’s kind of like corporate core meetings, yes, but it’s also like case taking, so what I’ll be doing is listening to the genus in the room and capturing it as an image. Really what we’re doing is starting to base a story line so that when you go away you’ll be able to start to tell the story of the conversations that happened here.  The depth and breadth of the information of course will be captured in a much thicker form, a report form, but this will give you the trigger to start to tell the story.  

What I need you to know is that spell check works really well on my computer and when I’m doing this it doesn’t work so well so if I’ve misspelled a word and I’m doing this for educators and academics, please let me know because I can correct here on the spot.  And I also want you to know that I don’t own this; this belongs to you, so, if at any time, participate and correct me if I’ve forgotten anything.

MS. SHULER:  Also we are going to be able to translate that image into a much smaller format that we’ll put on the web—or, if you want a color version of it that you can put in your notebook, we’ll be able to do that as well.

So I’d like to begin about the design of the workshop for today.  So let us share with you how we designed this session, and I’d like you to think about it from a couple of perspectives.  One is that I’d like you think about how this session can help you as a learner to think about the current state of science and mathematics learning and teaching and the desired one that you’ve articulated through your MSP project plans.

The second thing that we are going to do is provide you with a hands on experience and an opportunity to take a field trip into a couple of classrooms; one’s at the middle school level, one is at the higher level  This will give you an opportunity to view an example—in this case we’ve chosen science, learning, and teaching by two master teachers, and to compare your perspective on desired learning and teaching to those two images.  And then we’re going to come back and reflect about your prior knowledge about, and your perspective about, the current state of learning and teaching and what you’ve proposed as the desired state and see the ways that you might modify those perspectives in light of this experience.

Now I’m going to assume that many of you in this room are experienced and so I’m kind of talking to the choir.  So you need to think about this experience at another level, what are the ways in which you can take the structure of this workshop back home to people who may not share your vision and to build a vision, a new vision with people to get them to shift their thinking, because the experiences that we’re going to provide for you, both the hands-on experience and the two selections of the videotapes we’ve identified, are based on research about how people learn from the reference that’s been cited earlier.  So those three goals that you see that are articulated there, we’ve structured three parts to this workshop that that’s been designed for you between now and about 5:00 this afternoon.

So we’re first going to begin with examining the current and desired state of teaching and learning, and the structure of what we have designed to derive that information is as follows.  We’re going to ask you to reflect personally and alone without talking about a question about the current state.  After you’ve done that for a couple of minutes alone, what we would like you to do is have a discussion at your table and see if you can come up with at least a list where you’ve built consensus about what you think the current state of science learning and teaching is in your institution based on this perspective.  Your own personal experience, and you have by the way a handout at your table that has a copy of all these overheads, should be I think at least four at each table If you don’t have one let Christos and I know and we’ll make sure that you get one.  

We want you to look at it through three lenses, we want you to characterize what the learning environment looks like, current state, what you know about the knowledge of the teachers who are teaching science and math in your school districts, elementary, middle, or high school, or in your academic institutions.  And how would you characterize the role of students?

Any questions about the task?  No questions, so I want you to begin writing and then I would say in about three or four minutes your small groups should begin discussion.

[Exercise.]

MS. SHULER:  This is the kind of discussion I think you’re well aware that you could spend hours debriefing with each other, but let’s talk, let’s get a sense of who’s in the room.  How many teachers are here?  So how many of you who are teachers are teaching K-12?  Alright, how many of you are academic professors?  Are there any school administrators here?  Directors of curriculum?  One.  Is there anyone here who is representative of the community outside of the school district or an academic institution?  Two.  Okay.  So that gives you a kind of a sense of the K-12 teachers that are here. Are there any that are elementary?  Middle school?  High school?  Okay.  So I think you somewhat get a sense of who is in the room in terms of the response, so let’s begin, yes?

PARTICIPANT:  Sally, you forgot one group, higher education administrators.

MS. SHULER:  Yes, I did, higher education administrators?  Two.  Thank you, three.  State Department?  Good, thank you.  Did I miss anyone else?  So we have a really broad range of perspectives in this room to respond to this question.  

So let’s begin. How would you characterize the current state of science learning or mathematics learning and teaching in your—let’s begin with school district?  So we ask you to not only share your name but what level that you’re at or what your role is.  Someone like to begin?  Alright, we’re going to hand you the mic.

MR. CARROW:  I’m Bill Carrow from Chelsea, Massachusetts, which is an urban school.  Just briefly, I had worked for 13 years as—[problem with microphone]—we found that we are forced to teach to standardized tests, we are forced to do a good part of our time dealing with social, personal problems that students come to school with, and as a result we are not teaching the students to have a thirst for knowledge, an appreciation of knowledge, because of the time factors.  So we find it completely opposed to what we should be doing.

MS. SHULER:  Someone else?  School district.

MR. BADDERS:  We’re from Cleveland and I’ll pass it over to you guys to.  I think what we see is inconsistent delivery by teachers which causes inequity, where you have teachers who clearly understand what good mathematics and science teaching is and do that in a classroom and next door you have teachers who have very limited understanding, so we have this real inequitable situation going on and inconsistently.  The influence of the teaching and learning by a state test of course is a problem, and then the lack of background knowledge, in Ohio, which is changing from a certification system to a licensure system, the majority of our middle school teachers have elementary certification without any background in math and science and in fact we only had seven percent in math and six percent in science when we were researching for our MSP that actually have any formal background in math and science.  So that lack of background content knowledge effects what they do in the classroom, so that’s sort of the current state, that we have very good people and then we have a lot who need lots of work.

MS. SHULER:  Good.  Someone else like to add?  School districts?

MR. SINWELL:  Hi, I’m Ben Sinwel., I’m from the Chelsea Public Schools as well, I’m a high school teacher, and I just wanted to put one more thing in about what Bill was saying is that it’s a task for us to create a learning environment, it’s a challenge, and he said some of the reasons and I just wanted to put that out there.

MR. HANNABURY:  My name is Ralph Hannabury. This is my first year teaching in Chelsea High School in Massachusetts.  I retired two years ago as a curriculum director in a suburban Massachusetts high school and my wife wouldn’t let me sit around the house so I came back this year.  But seriously, I talked to some of my friends in the school that I worked in before, and to kind of echo what these gentlemen said, I teach a sheltered algebra one class at Chelsea High School which is for students who have been in the United States for less then nine months or a year, between nine months and a year, and it’s a very difficult teaching experience because of their lack of being able to speak English.  And I kind of equate that teaching an algebra one class in the urban school district where I am this year takes about ten times more effort to get one fifth of the result compared with teaching ten miles away in a suburban high school.  

So the issues are so much greater to create a learning environment; some days driving home they’re almost overwhelming, and I give the credit to these people that have worked there a long time.  And I think I’d go to teacher knowledge and expertise, the teaching force in math and science at Chelsea High School, the background of most of the people, is outstanding; there are people that have not only had a lot of experience at that school but also at varied places and from business and industry that can bring applications to the learning environment.  Thank you.

MR. TOWNSLEY:  Hi, my name is Ryan Townsley. I’m also at Chelsea, and I teach at an alternative school for all the students with social and behavioral challenges who are removed from the standard middle schools and the high schools and we have about 50 or 60 students.  I’d like to bring up just one point as an emphasis on what I’d like to take away from this conference: some hands-on practical tools to work and teach science in a building that physically is sort of falling apart, that doesn’t have a science lab, it doesn’t have any of the standard sort of materials or facilities that you would think are commonplace to teach science.  And I’ve come to accept that those aren’t coming, I’ve come to accept that I have what I have, and so the learning environment that needs to be created not only needs to be created emotionally for the students but physically as well.  And that’s just sort of my take on the whole thing as far as being a first-year teacher.

MS. SHULER:  I’m glad you raised that because that was a question I was going to ask—what about the physical environment, the access to adequate lab equipment. The actual design of the physical space is something I know we as an organization have found across the country to be totally inadequate here and then here, I believe that was the order.

MR. KILLIK:  Michael Killik from Cleveland.  On the issue of equipment, I live in Homestead Falls, Ohio, which is a fantastic school district, one small building for middle school, one building for elementary, excellent opportunities there, and they have a great continuity between the grades, everything flows.  And Cleveland, where we teach, we don’t have that.  The kids are transient, they change school midyear, a couple times a year, so that’s a big issue, the continuity.

And as far as the labs, part of our MSP is a program through Case Western Reserve, where they’re doing labs mainly for high school and they’re showing you this is the whole bells and whistles version of it; but there’s one that you can do with minimum equipment, and that’s something to look into, that’s a great idea, great cause, what do you do when you have nothing. You bring stuff from home, you go to Marks or the Dollar Store to try to build a lab.

MS. SHULER:  Terrific, now I’d like, after your comment, go ahead.

MS. MASCIA:  I’m Sally Mascia and am also from the Cleveland Municipal School District. I’m the math program coordinator.  One of the things we were also talking about here in regard to the inequity issues not only between a suburb and—Cleveland is a large urban school district—the urban schools within the schools, but also the fact that each teacher is kind of isolated or left to make decisions for their class under the guise of freedom of being able to teach what you want. So what happens is those teachers end up making choices in the classroom that are not based on good research and best practice, and so from classroom to classroom as Bill was saying there can be a great inequity of delivery of teaching and learning, the learning environment, and the expectations for a student.  So you might have in one classroom a seventh-grade teacher who thinks that because a student does not know their basic facts they will spend the whole year on basic facts, and in another classroom they’re already taking linear equations, so that those kinds of decisions really effect, even within one school, inequity in education.  

One of the other things we were also talking about was the fact that even for high schools teachers, if they have the content background, one of the things that is not addressed is the importance of also learning the pedagogy related to that content area, and so how to deliver good teaching and learning experiences for students is not really an opportunity teachers have.

MS. SHULER:  If you’re all comfortable I’d like now to move to academic institutions.  Yes?

DR. GODDELL:  Joanne Goddell, Cleveland State University.  I came across a really great quote the other day that went something like this: we’re asking our teachers to teach the kind of mathematics they’ve never experienced and be the kind of teachers that they’ve never had.  I think that’s still very prevalent. Particularly in my institution I find that the students going into the second preservice program in which I teach have no experience with being asked to basically think and solve problems.  They’ve been asked to memorize a lot of material, represent it back on an examination or test, and not really think about it, not problem solve, so problem solving is just still not part of the culture of higher education in particular.  It’s very hard to break the cycle when you only have one four-hour class with them in the whole program of 132 credit hours—that’s what I get for mathematics education.  So that’s my big problem.

DR. RAMIREZ:  I’m David Ramirez, dean, School of Education, Long Island University in Brooklyn.  To piggyback on what was said to extend it, a lot of the teaching, a lot of the research talks about the social construction of knowledge, yet none of the models that are out there actually explicate what that means in terms of what sort of understandings you have to have for the example of sheltered content classes: What is the role of language in the math area, science, language arts or history, so when we provide methods courses they’re very generic in their approach for essentially a white middle class kid and we really don’t help teachers understand well what that means if the child just showed up and has absolutely zippo understanding of English. That’s one issue, let alone someone who’s maybe at the intermediate or even advanced levels of English language learners.  Then you’ve got the whole issue of what does it mean trying to understand the child’s knowledge, the prior knowledge of what they bring into it.  What we hear is our own biases in terms of our own lenses, we may not hear things or see things that the child actually knows.  Those kinds of deeper understanding of the pedagogy to be able to understand what we mean by differentiation as a function of language, as a function of race, gender, all these range of different kinds of issues, none of the models so far ever address them in a very deep way, so we’re still at a very nascent level there.

DR. HESSINGER:  Sabrina Hessinger, Armstrong Atlantic State University. I’m in the math department there and I’m part of one of the partnerships in Georgia.  I would like to bring up another issue that confuses or complicates things.  At my institution in particular we teach, it would be considered a teaching university but of course we have research responsibilities and service responsibilities, I could say easily about 50 percent of the faculty, junior all the way through senior faculty, would like very much to be able to take more time in their classroom and do active learning, cooperative learning, etc.  And when it comes right down to it, it’s still a campus culture issue and a workload issue and a statewide policy issue.  And lack of material, something for people to use so they don’t have to create everything from scratch, the same as it is in some of our school districts on the lack of materials and access to those in teacher training.  And I really just wanted to point that out. It’s not that I’m happy if I fail 60 percent of my class because it means I’m doing a good job, which I hear people say all the time, meaning people talking about higher educators but not the higher educators themselves.  It’s not always a matter of not wanting to, it’s a matter of they would like to be teacher models and let’s help them do that as well. I think that’s also part of our responsibility.

MS. SHULER:  What you validate I think, I know our center has spent 30 years, well I’ve spent 30 years working in science education, but we have a staff that has worked for 18 years and it’s pretty rare to find a teacher at any level, K-16, who doesn’t want to teach well, what they’re looking for are the world-class tools and the kind of support and environment in order to do that over time.  Yes?  Nancy?

DR. SHAPIRO:  I’m Nancy Shapiro from the University System of Maryland.  I’m not a scientist, I’m actually an English faculty member and I teach composition, so I want to sort of turn this around a little bit.  When I think about the learning environment—the teacher knowledge and expertise and the roles and responsibilities of students—one of the things that strikes me about the current policy environment that we’re in is that science is being squeezed out of a lot of schools and a lot of priorities in favor of reading and mathematics.  And what I’d really like to see is sort of a desired state in which science is the vehicle through which reading and math are taught, and that would, if there was a way that the MSP projects collectively could communicate to ourselves and the rest of the nation that if and when students have something real to read about and write about and do and think about and problem solve about they will grow intellectually and cognitively develop in the things that we want them to do.  

It doesn’t strike me that any single grade is going to give students the amount of science or mathematics that we want them to know, and a seventh-grade teacher or an eighth-grade teacher or a first-year college teacher is not going to be able to do it alone.  What we really want to do I think is grow that capacity for students to be good students across the board.  So to the extent that I would, my desired state would be to change the dynamic, it would be in that direction.

MS. SHULER:  Yes, and I think there’s a movement toward that direction right now where science as an aspect of the curriculum is not valued as core curriculum, that it’s not on the same platform as reading and mathematics.  Yes?

DR. LABOV:  If I could, what I’m going to try to do is, since I’ve worked at this place for a long time, to pipe in when I think it would be appropriate to help, let you know the kinds of studies that are going on here at the NRC that you can anticipate in the future that are related to what you’re saying.  And based on what Nancy was just saying, science may be undervalued at this point, and we’ve been getting anecdotal information that teachers are being told don’t worry about science, worry about reading and math and get kids through the tests.  But No Child Left Behind calls for science to be assessed beginning in the 2007-2008 school year, and in a sense for the science education community it’s a double-edged sword because in a sense all of a sudden science will be recognized as something being on part or almost on par with reading and math—it’s not every kid that has to be tested every year in all grades.  The problem becomes, if we don’t test well, if we don’t begin to apply the principles of learning that we’re talking about here, then we may be putting science education reform back a decade or more depending on, well we talk about that in our assessment workshop.  

But I wanted to tell you that we have a committee right now that’s sponsored by a grant from the National Science Foundation that is actually working to look at and help people develop appropriate high-quality science assessments that could then be used when the requirement of No Child Left Behind for science comes on line by 2007-2008.  This is not just for No Child Left Behind and we’re not designing exams here, what we’re trying to do is to design frameworks that might be useful in different situations for different states, different populations of kids and these sorts of things.  So we actually have several research teams that are doing this work and we’ll keep you updated and you can check in the Center for Education website as that goes on.  As I hear things here, if you don’t mind my just kind of chiming in every once in a while to give you some updates.

MS. SHULER:  Yes, Ida?

DR. CHOW:  Ida Chow for the Society for Developmental Biology.  One of my previous lives was to teach and do research, but I think that, in an academic situation, one of the things that hasn’t been brought up is the way that in higher education the faculty is evaluated and especially for faculty like myself who have been trained in research, we never learn how to teach especially in large classes, and I know that the National Academies has started a summer course on now to address this issue.  But I think an important point for higher education is that we don’t know how to teach large classes and we have classes who come in, especially nonmajor, and we have to teach them science and they hate us to start with that because we are teaching something that they have to take and they naturally hate.  And I think if we had some way of learning how to make the material less threatening then it will a lot as well.

MS. SHULER:  So in light of those comments, yes?  Last comment about the current state.

DR. KETTLEWELL:  I’m Jan Kettlewell from the University System of Georgia.  My comment only indirectly relates to those three items, but nonetheless I feel the need to make it.  What strikes me is that—whether we’re looking at elementary, middle, high school, or college—we sometimes will come to understand research such as how people learn and we focus then on how to connect that research to practice at the various levels of education without also attending to the organizational structures that are constantly working against the connection that we’re trying to make.  And so an elementary school is not an elementary school is not an elementary school and so on with middle, high school, and college.  So just trying to make that connection without also transforming these organizations strikes me that it’s going to take a great leap of faith.

MS. SHULER:  So the comment that you’re making, if you’ll permit me to kind of paraphrase, is that we’ve got to pay attention in terms of the current state, it’s not only the context but the whole organizational structure, the system in which you’re working.  

I know that I walked around and saw some of you jotting down what you thought was the desired state, so I’m just going to go around the table and ask that, we’ll start here.  So in light of the problems, what would you say is the desired state?  What kind of learning environment or teacher knowledge or student roles and responsibilities do you think would be ideal if we assume you put an effective program in place?  If I went and visited your school district or your academic institution, what would I see?

MS. MASCIA:  I think first of all in the classroom there’s teaching for understanding.

MS. SHULER:  Alright, so there’s teaching for understanding.  Another one?  Second table?  I’m going to keep going around.

MR. BADDERS:  What would be nice would be if you had university faculty, for instance, teaching mathematics and teaching teachers of mathematics if they themselves understood how people learn. They don’t; they are put into these classrooms, they’re asked to prepare teachers of mathematics, they have a good content knowledge of the mathematics themselves, and there’s a certain amount of arrogance. They think that because they have this good content knowledge they also understand how children learn and they really don’t.  And so I would like to see a faculty, our faculty that are teaching these courses, to really be up to speed on what is currently known about how people learn.

DR. HESSINGER:  Can I continue with what you’re saying?  I would like to see the teacher/professor workload be adjusted to where it’s acceptable for a mathematician to put a tremendous amount of time into their teaching and not have to work 90 hours a week, which really is no big deal, and for it to be valued by colleagues.  Another thing I think would be great is if every university that could be forced to do so graduated graduate students with some kind of preparation for a professorial program like NC State has, for example. I know there are a few of those around nationally where you are doing research, you leave as a researcher and at least some idea of what you are working toward to being a good teacher and I think there are things that could be put into place.

PARTICIPANT:  To pick up on the university role, if we could also define what good teaching is at the university that would be very helpful when it comes to evaluating faculty or whether they’re doing a good job or not.

MR. WYNN:  I’m Kevin Wynn from Chelsea as well.  I think the desired state for this community is to educate the parents to take care of their sons and daughters, because, in a class that I just polled last week, they determined in terms of Front Line that the other nine hours is necessary for sleep for children to get the average amount of sleep to maintain a learning environment.  We don’t have that in Chelsea, 6-1/4 hours was what I ended up getting from this class.  So it’s kind of a difficult situation, and I don’t think the environment is going to change overnight.  So it’s sad to say, but we’re dealing with students who come in who have to environmentally [not sure what this means] because of economic conditions and that’s the state, it’s not a good one.

MS. SHULER:  So it’s educating parents about how children learn and what’s important for them to learn.  How about this table?

MS. KOSKY:  I’d like to address the roles and responsibilities of the students.  I would like to see the student actually feel that he should be spending at least six or eight hours on academic subjects when he is in the school. Now I’m speaking from a high school perspective, and I would want that student to do four or five hours of homework each night, not feel that he should carry an extra, and I’m not speaking from the Chelsea standpoint, so the economic standpoint from which I’m speaking is a little bit different, but many of the students in my area feel that they have to have a job, which might even be 30 hours a week so that they can drive a car to school.  That is not what they should be thinking about when they are in the high school.  Then consider when they are in college, parties start on Thursday night, academics are not their foremost concern, at least in my viewpoint.  So I would like the students to have a few more responsibilities for their learning.

MS. SHULER:  I’ll take one last comment up here from this table.

MS. POLLOCK:  My name is Gwen Pollock and I’d rather say that I’m from an unnamed state department so that I can be generic enough about the decision making process, the policies and that sort of thing.  There are governors who say that their priority is to be the educator governor, or legislators who have said that education is the top priority, and from whatever cynicism that I have right now, I’m talking about right this minute because in a few minutes it might be different, that because I went to school then I can make effective decisions about education.  And if politics is really an allocation of resources, there are so many strings tied to so many resources and so many demands that are on the school system that are not, I mean schools have to check for lice too, or they have to be able to respond to a student who comes with ideas of suicide or incest, to say nothing about no gas, electricity, T1 lines, whatever, all these things count.  

I would like to see some way that we might be able to have some professional development for decision makers.  Lots of times we have to have whatever that insight is, it has to fit onto one page of paper and so for them to be able to have an idea about brain research, what the research is about education, about how we learn.  I don’t know how we could reduce it down to one page and it shouldn’t be, but the ideas of the policies that govern some of the references that you’ve made to about teaching loads or licensure or certification or whatever.  If we are going to stay in the same mode that we’ve always been in, whatever our rose colored glasses about how we learn long ago, then we’re going to keep on getting what we’ve always gotten.  

And so we have to be able to shift the paradigm, the idea of being able to base on research, what a grand idea, but we seem to, lots of folks seem to think that the research is counterintuitive to what I know and it’s because we don’t, we’re not understanding the real role of research.  So there’s so many different pieces, there’s not going to be one cure, one factor, one face that’s going to be able to get the answers, but that learning community kind of idea.  It’s going to have to be bigger then me and my classroom or me and that state department of education or those legislators.

MS. SHULER:  It’s almost like she set me up.  This one should give you some kind of a data sample, when you work in a community, of the range of perspectives that are brought to your work, and it’s critically important that you take the time to capture these beliefs, prior knowledge that people bring to a problem, this broad range from elementary, middle, high, university, your own different views and how you figure out how to address them, build on them, not that you can answer all of them.  And you see that the desired state has equally as many diverse perspectives as well.

At the core of all of this is the statement that I think you were making about the proper use and meaning of language and how it’s derived.  And we know that language derives out of experience, and so what we’re going to do for you this afternoon is provide you with just one example of a hands-on model of research-based learning and teaching.  We happened to decide on the phenomenon of floating and sinking, of buoyancy.  We as a center have some 15 different examples we could have brought of any science, we don’t have mathematics, that doesn’t happen to be our domain of expertise; however, you could drop a mathematics experience into this as well, as well to provide you with a clear vision of some of the issues that we’ve discussed.  

So I’m going to quickly go over and review with you what’s on your tables and what the design of this experience is.  You will see that there are bags at the table, and Christos and I want to make sure that we have at least each group of two people working on at least one of the six different problems, so there are problems A through F and you’ll see that they’re labeled A through F, so I can I have the hands in the room of the people who have problem A, no A’s?  So we have A, B?  We have somebody doing B.  Good, C?  D?  Good, E?  F?  Terrific.  So here’s what my expectations of all of you are. One is I’m going to assume that as a group of two and in some cases it may be three that you can get along, you can work together, that you can read, that you can follow directions, that you can share your materials.  You have approximately 25 minutes to do this investigation.  You are going to see that the structure of this investigation has three parts to it. You’re supposed to begin by sharing specifically what your prior knowledge is about that particular problem, you’re to do an investigation that’s called guided inquiry, and then we’re going to ask you to discuss your results.

Can I have your attention before you begin?  

DR. ZAHOPOULOS:  After you engage in the investigation, we would like for you to report, and we’ll leave this slide up there as you’re reporting. This is what we expect from you, and we would like for you to briefly describe your activity. I’m sure you can read all this, and, as you will see in the questions, you have to make some predictions, bring something to the table, then report your results and conclusions, describe how your results may have influenced what you thought of the concepts before hand, and even think of additional questions that can carry further.  And again, we’ll ask some of you to share some of these things at the end of your investigation.  We’ll run around and engage you in some, ask you some embarrassing questions as you are doing the activities.

[Exercise.]

How are we doing?  Is everybody ready?  Yes?  No answer?  Does anybody need one more minute, does one more minute make a big difference?  Yes it will?  Alright, if it’s one minute we’ll give it to you but no more.

Please prepare to report out what your conclusions are or what you’ve learned, you have a minute to do that if you haven’t done so already.  But also I want everybody else to be paying attention so you see everybody stops at the same time.  

Alright, can we have your attention please?  So we’ll start with group A, we’d like for you, remember this is what we would like for you to, this is the format, we would like for you to use when you are reporting out.  So who is the spokesperson?  Here we go.

MR. HANNABURY:  Okay, our group had as a task to determine and have several different objects and to see which ones would float in this bowl of water and which ones would sink.  So the first thing we did was handle each of the objects and we had a list, a data table, of all the different proposed sinkers and floaters and we made a prediction based on handling the objects and seeing what they were.  And we had 14 objects, everybody else does to, anyway, our prediction, 13 out of the 14, we made the right prediction and one we didn’t, it sank when we thought it was going to float.

And then we decided to try some other objects that we found around the room, for example, a combination of plates, plastic bags, small ones and large ones, and then we put combinations of sinkers and floaters in the bags and on the plate --

MS. KOSKY: —[Most of comment off microphone.]—and in fact could get the two sinkers to indeed float with—accumulating water on the top surface --

MR. HANNABURY:  But we found that the larger the surface area --

MS. KOSKY: —[Most of comment off microphone.]—all of our sinkers into, and we managed to get them all in there as long as the center of gravity was pretty much in the middle because if we disturbed the system then—and then we balanced the others on top—all seven sinkers we have --

DR. ZAHOPOULOS:  That reminds me of the circus I took my son to, it’s very interesting, the person was able to balance things right?  Let me stop you for a minute, I want to go back to what you said, that one of your predictions was incorrect.  Can you tell us what that was and how you came up with that prediction and what have you learned by doing the experiment?  Why in other words your prediction was not correct?  So can you just give us an idea what the prediction was?

MR. HANNABURY:  Our prediction was that this small acrylic cylinder would float.

DR. ZAHOPOULOS:  The small one, is this the same as this one?

MS. KOSKY:  No, a smaller one of that.

DR. ZAHOPOULOS:  Okay, so you predicted --

MS. KOSKY:  That it would float and in fact it sinks.

DR. ZAHOPOULOS:  But you predicted that this one --

MS. KOSKY:  Would float.  

DR. ZAHOPOULOS:  No, would sink, and it sunk, and then you had another one that was smaller and you predicted that it would --

MS. KOSKY:  Right.

DR. ZAHOPOULOS:  What have you learned from this basically?

MS. KOSKY:  We’re not done with telling you what we did.  We took an empty glass of water, put it in the center, took our water glass with some ice and poured this much water into the system until the system started not being level anymore so it was going to sink so I rescued this, so you could see how much water was displaced when we put it into our system and that was using --

DR. ZAHOPOULOS:  Let me ask you a question. How can you distinguish whether you’re really investigating sinking or floating or balancing something?

MS. KOSKY:  We started thinking about --

DR. ZAHOPOULOS:  That’s very interesting, I mean it is very good that you went beyond what you were supposed to do in your investigation; this is actually an interesting idea.  As you know a lot of the students when you ask them to do an investigation and in the beginning you don’t give them some guidance, they will change more then one variable at a time, I mean this is very common, we all know that.  And this is very, very important because one of the skills that students have to learn, and it takes a while, but anyway this group of course they were having fun and they did all sorts of things, but it’s an excellent example of whether you don’t know what you found, you had no idea what caused it.  But I want to go back though and focus on my own question because there’s a reason for that, because I have the microphone, but either way.  

Basically what we have learned, I had somebody show me a quote from T.S. Eliott that says we had the experience, we missed the meaning, and this is really, I’m not putting you on the spot, I am making a general comment here on a lot of times doing things is a lot of fun, I mean the students like that, everybody likes that, but the debriefing is what really have we learned in my opinion is probably a more important question then the activity itself, which stays as an activity.  What is it you have learned, especially I think from the incorrect prediction? Remember, you’ve done 13 other, whatever, 12 other, 13 were correct but there was one that wasn’t and the question is, what have you learned?

MR. HANNABURY:  I think one thing we learned, and there’s probably more things as we reflect and think more on the process, is that size doesn’t matter.

DR. ZAHOPOULOS:  I understand you were very brief and to the point.  Remember, this is recorded.  

Alright with that in mind, let’s go to the conclusions.  Another way of size, the amount of material, does the volume matter, does the volume matter, in other words that’s much less volume then the other.

MR. HANNABURY:  No, the density.

DR. ZAHOPOULOS:  No, we don’t know that word, this isn’t something that, in other words what I’m trying to say, remember, I know you know a lot more but you are not allowed to use what you learned in your previous life before you walked in here, you have to base your conclusions on the evidence that you accumulated from the experiment, the investigation that you did.  So I know that you know more then you’re saying but I’m saying based on what you’ve done, you said very well, you said size, but the volume, the key idea, one cannot determine whether something would sink or float based on the weight alone.  Obviously one was heavy, the other one was light, this is one of the most common misconceptions as we know the students have, you’re going to say well, if it’s big, if it’s heavy, it sinks, if it’s light it floats.  Well, does ten pounds of wood float, how about 100?  I did this with high school students, how about, when I went to a million pounds I had half of them doubt in a million pounds of wood, no way, that’s too heavy, it’s too much.  Well, I took a penny, I said does the penny float, and they just looked at me like this.  So the reason this was an investigation was design that Sally wants to show you here.

MS. SHULER:  I wanted to show you something because I sat there and watched the same thing as they did this.  I just want to translate this also for kids. As I listened to your discussion, you said these two are wood, you notice that they’re the same shape but one is larger then the other, obviously this one weighs more then this one but I heard one of you say, well obviously they’re both going to float because they’re wood.  And they immediately wrote down float.  They did the same thing here with aluminum, so this group can see this as well.  So keep this in mind, they’re made of the same substance but they’re of different size.  So the same thing with the aluminum, that they both would sink, it’s a metal and therefore from past experience it would sink.  There was a little greater discussion around these, I believe these float, yes?  Polyethylene floats?  Yes?  Or it sinks?  No, these are the acrylic, these are polyethylene floats.  

However, this is where they had their discrepancy, knowing that they said that given that the size of those objects are different, but they behaved the same, they predicted all three of those would behave the same.  But they broke the rule with this, they said the larger one would sink and the smaller one would float.  So there’s a level of cognitive dissonance there where children will do the same thing, they will base their predictions purely on weight alone.  

And I watched them come back when they retested and they kept hefting, in fact I think Bill you kept saying hmm, that’s curious, I think because I was hefting that it seems like it should float, but it doesn’t, and in fact you tried it again and one of you said it sank again.  So what you’re doing is you’re struggling with something that’s counterintuitive to you and something about the phenomena and what you’re seeing is not making sense to you, and as adults we see this, children do the same thing.  

So this becomes the platform then to begin: Kids have prior knowledge and they base their decisions on what they have in terms of their experiential base; in formal education you provide things that are counterintuitive to them to help them clarify their misconceptions or their naïve ideas.

DR. ZAHOPOULOS:  Things that create cognitive dissonance --

MS. SHULER:  I just want to point that out.

DR. ZAHOPOULOS:  That’s good.

MS. SHULER:  So these materials were intentionally picked, carefully picked to create that kind of cognitive dissonance with kids; there’s very few kids that will ever predict that all of them will behave the same way.

MR. TOWNSLEY:  I just have a question, for our own benefit. Will copies of all these activities be available for us to take home?

MS. SHULER:  We can post them on the web. I do want to point out though that this is an adult learning experience and we would not advocate that this is the way you would teach floating and sinking; these have been derived from a fifth-grade unit that is 16 lessons that’s been tested with kids in the country.  In fact it was originally tested at the fourth-grade level and it didn’t work.  We spent a half-million dollars going out and preparing this unit, and fourth-grade kids said heavy things sink, light things float, and at the end of the unit they said the same thing.  But when we tested the fifth-grade kids, they were better able to handle the two independent variables.  So this is the reason why when we’re talking about strategic imperatives about how people learn the research, going back and really spending some time with kids and finding out whether or no they’re capable of handling this is important.

PARTICIPANT:  I’m just curious about the fifth-grade kids, what did they know or what advantage did they have over the earlier group, the younger group, to make them understand it?

MS. SHULER:  When we get to the end I will point that out to you because it would be unfair until we debrief. I’ll come back and point that out.

DR. ZAHOPOULOS:  By the way, unless you end up teaching a lot of these things several misconceptions, not necessarily these particular ones, can stay on, the misconceptions or misunderstandings of certain things can stay on for the rest of your lives if they are not confronted with it and we’ll talk about this a little bit later on.

So thank you very much and I appreciate that.  Group B, so anybody?  Somebody going to calibrate the scale?  

MR. WYNN:  We had to calibrate some way of determining how things weighed, and basically the first thing we had to do was without calibrating figure out with six objects what the weights were;, we had visual representation, we also had I think material that came into it.  Two things we had that were bobbers—we had two metal objects, one of which was a washer, and the other which is not.  We had a cube and then a plastic spoon, so we had six objects to sort of hand figure out which one was lighter, which one was to the heaviest.  

We did a poor job I guess; we had a 33 percent error rate in terms of how we determined the six so that didn’t work out well, but visually I think the students would have the same kind of problem to do because they’re so, I mean you can’t really be accurate with hand weight, and maybe there was another thing we should have done, I’m not sure at this point because we decided to do that.  And Louis just said size had an indication too but not that much in terms of --

So at that point we decided obviously to calibrate this, and the only way we could calibrate it based upon what we had for material was to use paper clips so we designed it the factor that one paper clip and so on, so our weight scale was based upon figuring each object and we placed them according to what we thought lightest was and that’s where we found out our accuracy was 33 percent in error.  So that was a classification.  I guess calibrating what we decided to do, we thought that size had the problem but we also thought the material gave us that false indication that we sort of figured that plastic maybe was going to be lighter then it was and it wasn’t in terms of what our objects were.  Overall I think it’s a good experiment, but we’re not going to walk away geniuses, both of us.

DR. ZAHOPOULOS:  But what is your conclusion, what do you think the idea is behind this?

MR. WYNN:  Well, I think the idea was we had to look at something and figure out what the process is we were going to weight, so it was at least organization.

DR. ZAHOPOULOS:  Scientists don’t rely on their sense;, you really need to find some kind of an objective way to measure things that you and I can depend on and the questions we can ask, of course what’s a reliability. Did you do it more then once?  Did you go back to see  --

MR. WYNN:  Yes, in fact we both decided to do it separately and then we concluded, actually we were both correct in our false assumptions, we chose the same objects and we were in error both the two objects that were in error.  So at least we’re geniuses in that point, we stick together, but beyond that yes, paper clips were the proof.

DR. ZAHOPOULOS:  This is very important, ways to measure this, as I said reliability and objectively.  Alright, next group, oh, sorry.

MS. SHULER:  I wanted to point something out, as you think about A and you go to B. In A everyone was hefting, or trying to figure out based on their intuition about whether something would float or sink based on weight alone.  We’ve now introduced the whole notion of an instrument, and typically in a classroom we tend to give children or teenagers or even kids that are in college an instrument and assume they understand how it works and how it’s calibrated.  And you will find that when children or teenagers go through this process of actually calibrating an instrument like this, it’s counterintuitive to them as well because something I don’t think you pointed out but it’s critically important is that the lines, the space between these lines is not unilateral, they’re not equal, because this was developed by an engineer and it was intentionally designed this way so that as this stretch down you would get this differentiation which would be counterintuitive.  And what you find is that kids actually, including teenagers, will put a separate piece of tape here and change the spacing because they think that’s the way it should be, not trust actually what they see in terms of their phenomena.  So just another thing for you to think about.

I might also add that you’re talking about simple instruments, something like this is made, kids fight with it, bang it, and put it into salt water.  We talk about, I think it was you saying simple, this is very inexpensive kind of instrumentation, that’s a telephone chord and a plastic tube.

DR. SHAPIRO:  Well, the C group had to account for the buoyant effect of the liquid, how do you explain the buoyancy, and the question was working as a group—list several factors that you know that effect buoyant force.  And so we came up with mass, or weight, and volume, and surface, but we weren’t quite sure whether surface effected the buoyancy of something.  And we had to take a piece of clay and weigh it, use the spring scale on it, and then put it in the water and see what happened when it descended into the water.  And then we were told to take a piece of clay and to put it in another shape and see what happened, weigh it and then see what happened when we put it in the water.  And then we had three other objects, a black square, a metal silver square, and a cylinder, and do the same thing.

The buoyancy of the water was virtually the same on all the cylinders and the same with the amount of clay that we used.  We tried to flatten the clay to see if the surface mattered and it didn’t matter, the clay kept sinking, and we were told not to put any air in the clay, not to hollow it out and fill it with air.  So we thought well maybe then surface doesn’t matter.  We tried strings and we tried flat, and then Christos came over and said well what would happen if you made it real long and narrow and if you had a pencil and you, I said it would float, and he said what if you put it in a cylinder of water, in a graduated cylinder and put it point down, would it float.  And I’m thinking to myself well, it’s wood, it probably would float but maybe it wouldn’t float.  So meanwhile my partners over here were trying to keep something floating during the period and I kept banging the table trying to make smaller and smaller thinner and thinner pieces of clay and I did get a little piece of clay to float, if you ball it up it will drop down but if you make it really, really thin it will float on the water.  Then I thought about the way you go into a swimming pool, if you stand vertical you go down and if you spread out you float, and so maybe surface does matter.  So that’s where I ended up.

DR. ZAHOPOULOS:  I think the goal of the future is to, in my opinion, really challenge the students to make them doubt what they think they know, and this is very interesting, I mean I love what you just said, it’s really amazing because you came up with a conclusion, you changed the surface area and everything else, you went and changed the shape, and you found that it doesn’t matter.  And here I am now, I’m giving you a question that relates to what you did but is different to see how confident you are of your conclusion and I managed to change your mind.

How many of you think that the pencil will float, or sink if you put it straight up, the pencil that floats, straight up, will it sink or float?  It will sink.  How many of you want to say it will sink?  Because?

PARTICIPANT:  There’s just not enough area.

DR. ZAHOPOULOS:  Area, so you believe that the area has something to do with it.  But they did an experiment here and they found out that the area had nothing to do with it, the buoyant force did not depend on the area, that’s the conclusion.  But what does it matter?  What else should you draw here?  You said the following, they had three cylinders, different material over exactly the same size, and you know what they found?  They have the same buoyancy, size means volume in this case, the same volume, and all three, the buoyant force was exactly the same among the three of them.  Now it just so happens that the clay will put roughly the same volume and then they shape the shape or whatever and it still didn’t matter.  Just based on that along what conclusion, a reasonable conclusion, can somebody come up with?  It’s a volume effect, you change the surface area and nothing happens.  Why is the pencil any different?  You put in a cylinder, it will displace; think about it, why should it be different?  If it floats this way, floats the other way, floats this way, floats the other way, I wish I had, you don’t drink the water, we can fill it up and we’ll put a pen there and you can prove that of course but it is very important and we’ll come back, so basically the surface area, the shape, if it’s not hollow, hollow is not allowed, you don’t want to trap air.  

Now they did something interesting at the same time. They said they put the small piece and it floats, now I’m scratching my head, not much hair left, because of that, why is this piece not, I can see it from there, I graphed it, I believe it, I see it, and it’s floating.  Have they contradicted everything we’ve learned so far?  

Okay, here is a challenge to everybody.  Why is this floating?  Why is this floating, small piece, but wait a minute, it’s the size that matters but we just showed that it really doesn’t matter, if clay sinks, clay sinks, whether it’s a small amount or a huge amount—as long as it’s not hollow, it should sink.  But they just put a very small amount and we defied the laws of nature.  What’s going on here?  I know you’re far away, I know you can’t see it, but why do you think this really floats?  How easy it is to draw wrong conclusions even from certain experiments, or contradictory conclusions, what is it?  The surface, so they still think, they clink onto the idea that surface matters although they just proved that it doesn’t.

Surface tension of the water actually, let me guarantee that, has nothing to do with floating, number one, I know people think of that bugs working the water, but if you look at this carefully the water surface bends when the bugs walk on it, you put a paper clip or something, if you look at the surface it’s built like a balloon, this has nothing to do with floating and sinking, it’s like a balloon wrapper, a balloon that’s being pressed out.  So if this is not pressed down that way, is it surface tension? If we have some soap here, we can put some soap and realize, I guarantee you that that’s not it.  So why does it float?  It’s really floating?

PARTICIPANT:  Is there air in it?

DR. ZAHOPOULOS:  Oh, very good, they’ve got some air underneath, this came up in the National Academy of Sciences in Sweden, that’s where I met Sally for the first time. I happened to hear her presentation and we met there.  But it was the same thing. I can make it flat and it would float, which has nothing to do with surface tension. You are trapping air underneath, you put some soap and you see that it still floats.  So this is very tricky, but be careful here to where you do the experiments.  The way to do it is you put it inside, you take this and you put it inside and look what happens, it went down.  Because something floats, I can push it inside and it comes up so you have to think of other ways to test your conclusions basically.  This is great, this is really what I call learning moments because things like that will happen in the classroom.  Is it important that the teacher is knowledgeable and confident?  It’s obvious, yes, the answer is yes of course, we all agree, we already said it.

So this key idea here, what does a buoyant force depend on, is very important.  A most common misconception is that it depends on the surface area, everybody thinks, well, so to speak everybody, a lot of people think that.  And because things like that happen, they happen, I can do it, it will happen.  If we are not aware of that we’ll draw the wrong conclusions ourselves.  Is that clear?  I love that. This is what I love about experiments, things don’t work as they’re supposed to, they work out, the question is why do they work out the way they do and that forces you to test your understanding and knowledge. And the good thing about this, every student will do that at their own level and challenge the best.  That’s why when they had finished they had brought all the conclusions, I put a twist there to see if they really know, are they doubting what they got, and in my opinion that’s a way to assess at what depth of understanding do they really get an experiment.

MS. SHULER:  I don’t know how many of you are familiar with Eleanor Duckworth from Harvard, but she’s written a book called The Having of Wonderful Ideas, and if you don’t have that book and you can find it it’s really quite terrific.  And it really does exemplify some of the aspects that Christos has just pointed out about this phenomena about children’s ideas about pendulums and other physical science experimentation.  It’s The Having of Wonderful Ideas by Eleanor Duckworth, she used to be the dean of the Graduate School of Education at Harvard.

DR. ZAHOPOULOS:  Now I know that some of you—that there are more groups who did C.  Does anybody want to add something?  Is there something that you want to add, something we haven’t, please.

MS. KIMMEL:  One thing I’d like to add is I came into this and was apparently not able to clear out an idea about density that I had.  And because I didn’t clear that out, the idea of buoyancy was more difficult to get at because I was still dealing with the baggage of density.

DR. ZAHOPOULOS:  Interestingly enough you can go either way, meaning you can start with buoyancy and slowly develop the concept of density, not just that we haven’t talked about density and we’re not going to although it’s hidden, after we finish this puzzle, put all these pieces together, you will see how that concept that we haven’t defined yet and we are probably not going to define officially, will come out of it.  And by the way, every time things like that are said, and this is my own philosophy of teaching, concepts come before words; Feynman has very good pieces on that.  Defining something really means nothing unless you have some experience to understand what the concept is, if you understand the concept, what you call it, you could use Greek words, Chinese words, English words, it doesn’t really matter, you know what it is.  But you can say the word in a hundred languages and still not know what it means.  So this is really the idea here, we’re trying to understand the concept, then we can give it a name, it’s easy to communicate.  So anybody else from C?  We can go to D?  D and E go together, E will just be subset. I’ll have you add to whatever is said.

DR. MARTINEZ:  Okay, I’m Mike Martinez and Sabrina and I did this together.  I would just like to follow up on a comment that you just said, which is that the concepts come before words, we can call it whatever we want and it helps us with communication.  Words are also important because we can attach our growing concepts to those words. I was reflecting on some of the language that was being used as we were trying to make sense of some of these results.  For example, if blank but if blank something contradicted blank, blank matters, blank doesn’t matter, it should blank, it should not blank, why does it really blank, cling to the idea even though blank, X has nothing to do with blank, and so on.  There was a lot of that language and just an idea here that maybe the value of going through an exercise like this is the kind of language that it will frame, that it will help us to understand, that will help us to pose questions, and perhaps one of the things that students will acquire during such discussions is this language that can be used over and over again in some situations.  And I would like to try to elaborate that a little bit more tomorrow.

So we were given a similar problem in which we were given a series of cylinders that obviously had different masses; we didn’t know that we had access to --

DR. ZAHOPOULOS:  What else did they have the same though?  They were different cylinders, but did they have anything in common?

DR. MARTINEZ:  They were approximately the same shape and size.

DR. ZAHOPOULOS:  Let’s just use the word volume.

DR. MARTINEZ:  Okay, same volume, and we held these up and we didn’t know we had access to the scale here, and we determined just from our experience or our intuition that we thought that the metal would sink, the wood would float.  And we weren’t too sure about the ones in the middle; we thought we could order them but we weren’t sure which would float.  And then we kept looking at this little plastic bucket here and wondering what is this for, and there was a moment of insight, of intuition, true problem solving where we thought, oh, this is a way to weigh some water so that’s what we did.  We filled this water, put it on the same scale, and then thought alright, anything that is heavier than this will sink, lighter will float, and in particular we were unsure about these two objects, the polyethylene and the acrylic.  And then it became clear, our predictions became very clear after we weighed the water, which is that we then believed the polyethylene would sink, is that right, polyethylene would float, sorry, and the acrylic would sink.  And that’s what happened, yippee, it was a great moment.  And finally our one false prediction was what would happen to this plastic bucket when we filled it with water, would it sink or float, and we did that just by intuition and we were wrong.

PARTICIPANT:  We knew it depended upon whatever this material --

DR. MARTINEZ:  Right, we didn’t know what that material was so it was hard, if it was the same material as the acrylic it would have sunk, but we made the opposite prediction, we were wrong.

DR. ZAHOPOULOS:  You want to add anything before we --

MR. KILLIK:  Michael Killik from Cleveland. What Michael said about acquiring language—that was your key word—when the concepts come before the words then you acquire the language, you write all these definitions down, and then you make the connection after you have beaten your hand, so that was excellent, the acquiring the words, not just being force fed the words.

We did have the scale in the beginning and we made our predictions, and, like them, we weren’t sure whether the clear one or the white one would sink or float, but after we weighed everything out then again it was obvious, the water weighed 11 on the scale, the white one weighed ten, the clear one weighed 12, so it was obvious. So our conclusion was, because they’re all the same volume, if the cylinder is lighter then water it will float and if it’s heavier it will sink.

DR. ZAHOPOULOS:  So you compared equal volumes of the material and you compared the whole thing to water, water was the dividing line, that’s what you’re saying.  Anything that had the same volume, and this is a key thing and I think that’s why the misconception of light and heavy objects, but the only way you say a light or a heavy object will sink or float whatever it is, you have to compare it with equal volume of water and then the statement is correct, but that’s missing and it stays on as a misconception because lighter and heavier, just the only two words that stay on, not the fact that you have to compare equal volumes in order to make that statement.

MR. KILLIK:  Right, we had a discussion at the very beginning where Joanne said well this is going to sink because it’s heavier and I said, well wait a minute, it’s not a straight weight issue; if the white one was twice as big it would still float, like you said the same volume, the weight of the same volume.

DR. ZAHOPOULOS:  It’s the same volume, the key idea here; and when you plot this, whatever it is you find out where it is [doesn’t make sense].  The next problem by the way was the same, I’m sorry, go ahead.

MS. SHULER:  So I want you to come back and think about group A and you now have an explanation for the behavior of why the same object, the objects that are of different volumes but comprised of the same material, should behave the same way. If you compared an equal volume of that to an equal volume of water, if it weighs less, it floats; if it weighs more, that object will sink.  

I have one question though. I was interested to know how you weighed the water; how did you come to the weight of water, what process did you use?

DR. HESSINGER:  Well, first I have to say before we realized what the empty bucket was for --

First, this is a cylinder and its volume is (audio unclear).
H and I tried to approximate in centimeters and then used the density of water.  We were pretty close.  But anyway, then we filled the bucket with water and we put it on the scale.

MS. SHULER:  How did you account for the weight of the bucket?

DR. HESSINGER:  We didn’t, but we did notice that the plastic, all of the plastic cylinders except for the wooden one for some strange reason, fit inside there and so we knew the water would be the same; we did do that earlier.

MS. SHULER:  So likewise when you weighed the other cylinders, did you weigh them in the bucket or out of the bucket?

DR. HESSINGER:  Out of the bucket.

DR. ZAHOPOULOS:  That’s good because the other ones fit in exactly, they fit in the bucket, so what you put inside is what matters.

PARTICIPANT:  One of the things that I constantly struggle with is how to structure the experience for students to create the right amount of cognitive dissonance, to get the students to construct their own understanding, and not being a teacher of science this experiment sort of confused me, the sequencing of these because my intuition would have been to have done the one that we did, D, first, which is just to compare the one variable, we’re just manipulating one variable and that is the volume or the mass of the object, whereas that group was dealing with two variables.

DR. ZAHOPOULOS:  Where are the two variables?

PARTICIPANT:  They had multiple things there, they weren’t focusing on one aspect.

DR. ZAHOPOULOS:  Let me not comment on what you’re saying until we’re finished, is that okay, can you be patient?  I promise you that I will address what you’re saying at the end of this, very soon, five minutes or so.  There’s a reason that I’m not making a comment at the moment.

Let’s go to group E, it’s very similar, tell us what the situation is.

DR. RAMIREZ:  We essentially had the same problem that group D did where we had all of these cylinders that are all of the same volume, their only difference seemed to be how much they weighed.  But we weren’t sure if this was, well, we know this is not Pellegrino because it was all clouded so we figured there was something in it, but went ahead and tried out our hypotheses, and we were pretty much accurate all the time.  Then we started wondering about the difference with the clear water, and so we repeated the experiment again and found that there were some slight differences, it had to deal with the acrylic ones.  The acrylic one floated as we had predicted it would do in the soft water but it sank in the clear water, so then we started asking what’s the difference in density between the two and then we used the bucket and weighed a full bucket with salt water and then emptied it out and filled it up with clear water to see if there was a difference of about one unit, so then, after we had weighed everything we realized that --

DR. ZAHOPOULOS:  Salt water, equal volumes of salt water and tap water, it doesn’t weigh the same basically, so this is what we have here.  If you compare now equal volumes of salt and fresh water, they have different weights.  So if you use the same idea as before, you see the cutoff point is different and again everything that weighed more sinks more, again equal volumes at this point so I can be a little bit sloppy; as long as I talk about equal volumes I can use lighter and heavier and I’d be okay.

MS. SHULER:  And to add to that, these materials have been selected to be so sensitive that in fresh water the acrylic sank, but what happened to the acrylic, the little clear one, in salt water?  It floated, so you got an opportunity yourself to compare that, so the behavior of that object changed, and the explanation is that what he’s pointed out is that when you compare the weight of the salt water to the fresh water, it weighs more; therefore, yes?

DR. BRUNKHORST:  Not that this is worth recording but a couple of pedagogical observations that we made outside the assignment was, first, that when we looked at our first concept and we put it in everyday language, we went back to it and we tried to make a connection with what we had experienced and we ended up feeling pretty good about it. 

A second pedagogical observation is we were a little hesitant to share some of our findings because we weren’t sure whether we would embarrass ourselves, and then we realized that that’s okay because you had created a safe environment for us to express our thinking.  And it occurred to us then that one of the important things in this inquiry process is knowing that it’s okay for us to share our perceptions.  In other words, wrong answers are not the real issue and it’s a values issue as Debbie pointed out.

DR. ZAHOPOULOS:  Absolutely, there’s no question about that, that’s very true.

DR. CHOW:  And that the fresh water part of the experiment with an extension, do we do it or not, or just because the bucket was here, because our experience was supposed to be only with the salt water, we figured hey, let’s try it and compare it.  So I think this is something we should allow the students and encourage them to do even though they’re just making observations but then they can draw a legitimate difference if they did the right way.

DR. ZAHOPOULOS:  Even at the higher level, we provide these experiences for them; ultimately you want the students to start asking the questions that you are modeling for them to ask in the beginning and that’s a very good point and I saw you doing that.  An important question out of this is somebody saying wait a minute, what if I had oil in there, what if I had alcohol in there, what if I had something else, whatever, so these what-if questions that sometimes we set up for our students and beyond, our students will start asking those type of questions later on because they’ve seen us model it.  Very good, there was somebody else here --

DR. MESTRE:  I realize you designed this for adults, but when you do this with kids clearly the acrylic sinking in fresh and not sinking in salt water also depends on how much salt is in the water.  So do you start by adding more salt and making the salinity an issue so that you can see there’s a transition point?

DR. ZAHOPOULOS:  That’s a very good question.  It depends on how much time you have. We prepared this ahead of time and there are certain tricks to all this, you know you put hot water, salt dissolves faster, don’t get the kosher salt that we used, get the finest salt, the surface area really makes a difference here.  So there are certain things that make it easier for you to experiment, otherwise you have to wait 30 minutes just to dissolve the salt and the hour is gone.  So there are certain limitations because of time but it’s an excellent idea, try it on your own, see how much time it takes and see if you have that time in the classroom; you have to balance a lot of things but it’s definitely an excellent idea.

MS. SHULER:  I would also add that when you go out in the field and you do some preliminary work with children at all ages it’s very interesting to watch them grapple with the word float and sink, I mean float, what is float for them is not something that, for some of them it has to be at the top, if it’s suspended then it’s not floating.  And if it’s at the bottom it’s sunk and they can’t tell you what it is if it’s in between; they tell you suspended, so it’s really important that when you’re grappling with language that you have a clear idea of what that definition is and they got at that by varying the various levels of salt.

MR. BADDERS:  Mary and I also did E and just to add to it, first of all we got partway down the list of things to do and forgot about the list of things to do because we decided to do something else and we know kids do that.  Everything was the same except we wanted to know what if the weight, if we combined two together, two of the cylinders, so we found some tape on another table and tied them together, and even though they weighed more they didn’t sink.

DR. ZAHOPOULOS:  Wait a minute, these were two cylinders that floated to start with?

MR. BADDERS:  Right, and we thought then if we combine their weight that they would sink, but they didn’t sink, so then we weighed two containers of water and came to the conclusion itself.

DR. ZAHOPOULOS:  Excellent, see that’s the thing they tried here on their own and I was going to say, I didn’t, I’m glad you mentioned it, what if you were to combine the cylinders without the bag, so you added another variable, what would happen, very good.

MR. BADDERS:  We came to the same conclusion except we had a little different path.

DR. ZAHOPOULOS:  Let’s go to the last one, here we go, group F, nothing to do with a grade.  Tell us what --

MS. MAITLAND:  Well, we looked around and we saw people had green sheets and salmon-colored sheets and we didn’t have any colored sheets so we figured all we had to do was investigate how to turn sinkers into floaters.  So we figured we’d be good partners, we shared the clay and we shared the marbles, all of the marbles sank and the clay sank so we realized we had to somehow get the clay so that it could float and then hold the marbles.

So the first thing I tried, which obviously didn’t work from all of your experiences, was making clay very, very flat and putting it in and it sank, so Jose said that we have to trap as much air as we possibly can, which then made sense, and then we were all finished.  We had 12 marbles and our two boats but everybody else was still working so it occurred to me that something was wrong here.  So went searching for papers and it turned out that we had a white packet that had our instructions on it, and then Jose you took over from there.

DR. MESTRE:  Well, then we had to do it with all of the equipment, so we shared our clay together; we hollowed it out as much as we could, putting as much air in there as we could and we started piling on marbles, and it started to leak on the side so we built up that slide and eventually we got all the marbles, which they are now floating inside of this canoe like clay structure.  So what we learned from this is that you have to trap as much air as possible; and one issue we didn’t investigate, but we probably would have next, is does it matter whether it’s a long kind of skinny canoe shape or a tall bowl shape kind of thing, will that work as well, and that’s where we were going with it.

DR. ZAHOPOULOS:  I see, another group, very briefly because it’s very important that this is really quite a challenge I think even for adults to find out, you guys did something, what shape did you use as the best shape?

MR. NORRIS:  We finally used a hemispherical shape; and if we had more time, I wish that, when we did use different shapes at the point where it finally sunk, we had then measured the amount of water that it was containing --

DR. ZAHOPOULOS:  You mentioned very clearly the point of all this is to be able to, if you want to, displace as much water as possible.  If you are able to do that you’ll carry the most cargo—remember, the larger the volume, the larger the buoyant force, and to do that, a mathematical problem --

MR. NORRIS:  Right, in fact what I like about this particular activity, since I teach mathematics, is that it leads students to an investigation if you keep the clay the same thickness, which is one of, one needs to eliminate[makes no sense here].  So once you’ve decided to keep the clay the same thickness, then by investigating these various shapes you’re going to a mathematical idea of which shape contains the most volume given the same surface area.

DR. ZAHOPOULOS:  The same amount of clay then; to make that fair you have to have the same amount of clay, not the same surface, it’s the same amount.

MR. NORRIS:  But what happened at the very end here. Toby decided that she was going to extend it even beyond that and try to make it hemispherical instead of making it as spherical as possible with just maybe a little hole in the top, and that’s related to a mathematical idea called the isoperimetric problem.

DR. ZAHOPOULOS:  It’s a jump in a way for the students but a challenging one, and the idea is how can you really maximize the volume, minimize the area, given the amount of clay, which really can carry you to a calculus class, right, talking about doing this thing, well hopefully, sure, sure, I’m sure some graduate students will probably have a hard time with it.

MR. NORRIS:  It’s also related to why soap bubbles take a spherical shape, it’s the same problem essentially.

DR. ZAHOPOULOS:  And I said from a physicist point of view, you look at the animals in the Arctic and they all look like a sphere because they want to minimize their surface area because of exchanging—they radiate a lot of heat.  And the animals in the hot climates, they want to have as much surface area as possible because again, for the same reason, they want to radiate; in the Arctic they don’t want to radiate much because they want to keep it and the other one wants to radiate as much as possible.  So anyway, there are all sorts of other things as well.  

DR. MESTRE:  And I can start to see connections among other things. You mentioned about putting a pencil in the water pointwise.  Will it sink? Well what if we make this thing very tall and skinny maintaining the same thickness throughout? Will it still hold marbles even if they’re one on top of the other or not?  What are the issues that are important here?
DR. ZAHOPOULOS:  Well, first of all clay by itself sinks. Right?  That was the whole idea, clay by itself sinks.  But if you are able to combine what you’re doing, let me go back a little bit, what we’re doing, we’re changing what I call the effective volume now, you don’t have just clay, you have air together, I don’t want to go into density because we talked about it but you don’t have one material you have two, you have air and clay and it’s a combination of the two so you are changing really, by making it hollow you’re changing the effective volume of whatever substances, do still boats float, of course the answer is yes, I mean the boats are made out of steel, they’re made out of iron and they float, and this is the extension of what we’re doing, the students can make that connection.

Now let me just move on, sorry, what were the concepts, I want to just very briefly give you the whole picture, and now I want to address what you asked.  This is what we were investigating.  This is the first problem, we wanted to see your preconceived ideas, what people are coming to the table with, that was what this experiment was all about, this investigation, to see what they bring to the table.  Later on that also necessitates that we use objective ways to measure things, that’s the measurement part, the scales, but then what are the important ideas, displacement and the buoyant force, what are the important variables that you need to investigate to understand that. 

Then look at this, you’re talking about sinkers in fresh water, comparing equal volumes of water and other material and then coming to the conclusion that if they have the same volume then you can compare them as much as the weight and that will tell you if something floats or sinks.  Changing liquids, this is the equivalent of changing the liquid, instead of just water you have salt water.  And finally now applying this to a new situation if you will, what happens really, it’s an assessment question and difficult indeed I think, but the students are able with some help to understand it.

MS. SHULER:  Before you go on to that, I just want to add this piece to that in that all of you did not go through the sequence of all six of those problems; and so the point here is that traditionally in schools we tend to give kids discrepant activities for them to develop important conceptual understandings of phenomena.  And this was to make a clear demonstration to all of you that as you began to think about the sequence of these, I think a couple of you even mentioned this to me, I wish I would have done this before I did that because I would have approached the problem much differently then I did alone because I didn’t have all these other experiences.  And why we call this an adult experience is because this is just a way to model good teaching and learning but it is not the kind of set of experiences that you would take back to the classroom to teach children about floating and sinking.  There’s many more activities in between this that kids need to grapple with for clarification and a very thought out sequence.  

Also, there are a number of organizations that have developed research-based kinds of curriculum materials at all different levels that you should take a look at before you think about developing your own. 

DR. ZAHOPOULOS:  Now the process, what process did we use, let’s think about now the whole big picture, the thought mentioned to you of a story line if you will and here it is.  The first thing, basically we really model the learning cycle, in the beginning the first activity was really exploratory, find out what people come up to the table with and use our senses.  Then we explored, we really focused on a particular investigation and we spent time thinking about it, doing the activities, drawing conclusions, and stuff like that.  Then we were asked to reflect what have we learned from this and I said how important that is, in my opinion it’s more important than the activity itself.

Finally how do we know that somebody has learned something, you want to see if they can apply this into a new situation basically and that’s a very good way to assess if the students, the learner, has really got this idea well enough.

MS. SHULER:  We’re a little bit behind so we’re going to let you take a break, so we’ll see you back here at 4:15.  Thank you.

DR. LABOV:  Thank you very much.  There are refreshments in the next room.  Some of you were talking before about undergraduate education, and we have a few reports here. I’m going to put up the names and the URLs for them for those of you who are interested in things like evaluating and improving undergraduate teaching.
[Brief break.]

MS. SHULER:  While you’re sitting down, here’s a couple things that I know go out quite a bit not only in the United States but actually throughout the world and we do this kind of structure, it’s modified, for leaders from all over the world, Nobel Laureates, community leaders, parents, and so I’m going to put this out as an offer.  We’ll put these jigsaw, these problems on the web, and if any of you would like to be coached or mentored to come with me just to let me know, I’ll put you on my list, because I keep running down from my list and I never go out anywhere alone, I always take one or two people with me.  So if you’re interested in learning how to do this kind of work, do the jigsaw, we coached and mentored Christos and a lot of other scientists and engineers to partner with educators to do this so I just want to throw that out to you.  Or if you want to learn how to do it, a group of you in your community and you’d like us to come in and help you do that we would be willing to do that as well.

DR. LABOV:  Thanks, Sally.  Just very quickly here are three reports dealing with undergraduate education since this issue came up particularly about evaluating and improving teaching.  The first one we don’t have any more copies of because it’s a little bit on the old side but you can read it for free and order it on the web.  We brought about 20 copies of Transforming Undergraduate Education, the second one, with us and you’re welcome to take copies of these.  We did not bring over copies, we have fewer of them, of Evaluating and Improving Undergraduate Teaching, but if you would like a copy of that we’re going to pass around a piece of paper, just put your name down so we can look at this and then I’ll send an email over to one of our colleagues, our offices are in the other building across town, and have them see if they can ship them over here tomorrow and then we’ll be able to distribute those to you.  So if you feel that you could use them, if you don’t need them don’t put your name down but if you feel you could use a copy then we’ll try to get over as many as we can to accommodate you.  Thank you.

Now we’re going to continue. I’m going to move back and Sally will then begin to take over.

MS. SHULER:  The other thing while we’re switching the computer, I also want to kind of honor something that Bill said in that we’ve hung almost exclusively on the science side of this discussion and to spend a little more time on the mathematics on these kind of experiences and drawing that out; and so we can spend a few minutes on that.  For those of you who are mathematicians, what did you see about the nature of these six problems that you felt had relevance for math?  You pointed one out about the boat.

MR. NORRIS:  I saw another one as well and that is just looking at the, we were trying different shapes, the way the data were leading us.  As we were trying various shapes and boats we could see where the numbers were leading, and so if someone were to conjecture another shape, but the shape wasn’t going in the direction that the data were leading you, then it was in some ways not the most judicious way of proceeding.  So that in some sense is kind of a mathematical idea as far as noticing increasing sets of data.  So that was kind of a mathematical way of how scientists look at that sort of thing.

MS. SHULER:  Any other?  Yes?

PARTICIPANT:  I think just having students work together --

DR. CHOW:  I think on the mathematical side because they have to measure a lot of things, especially for elementary school and middle school, a lot of new concepts and actual use of concepts can be introduced such as percentages, ratios, and what is, for lower grades, bigger or smaller and geometry, part of it shapes.

MS. SHULER:  I just want to add one other final aspect about the design of this experience, which we call a jigsaw.  The purpose here was to demonstrate a model of hands-on research-based learning and teaching and to really differentiate a single discreet activity versus a sequence of lessons that would help you build conceptual understanding.  These kind of jigsaws have been used for other purposes as well, they’ve been developed, usually they’re five or six very significant problems that have been derived from research-based instructional materials and we disseminate all kinds of K-8 research-based instructional materials, our center does, so we’ve developed a whole portfolio of these jigsaws.

The second purpose for which they can be used is let’s say that children, or your school district, were to adopt a unit on floating and sinking that was research based.  You can use this kind of situation but you create the structure slightly differently, and that is you would have everybody go through A, everybody go through B, and so forth, and if you were to go down that road—which is actually what I and two other scientists in China just did with 100 teachers on actually floating and sinking—what you do then is you get deep conceptual understanding around the concepts that are embedded in that instructional unit.  But we have a whole repertoire of these where you can do motion and design and plant growth and development. So for some of you that are very clever, the design of these is that every problem has to take approximately the same length of time.  

We have a design problem, I don’t know if you noticed here, but our problem A tends to get done much earlier then the rest of them so we have to change the design of that problem so that it’s about equal.  So I just wanted to share that, for those of you that want to look forward and you can, we’ve seen some places, communities, embed this, strategically the math in that.

MR. NORRIS:  What I found very helpful was when you finally at the end talked about the learning cycle, you were talking about focus, explore, collect, and apply; this same sort of process is used in teaching mathematics as well and yet as you were doing this I thought oh, here’s how I would do this if I were teaching mathematics so I though that was just a really nice way to classify that sort of thinking.

MS. SHULER:  So we spent a little more time then we had originally planned doing the hands-on piece so we’re going to compress the back end of this, do it a little bit differently but we’re going to include the same pieces.  So this is what we would like you to do.

We did this hands-on investigation, and I’m not going to have time to debrief you about the characteristics, I’m going to come back later and revisit this, but as you sit there I want you to think about the characteristics of this learning environment that Christos and I set up for you this afternoon.  It was a kind of a brief one, it was only an hour and a half, but what was the design, how are you sitting, what were the ways that we engaged you in this process?  And what was our role as teachers?  We paired, I and Christos did various things while you were working, sometimes you notice we sat down, sometimes we asked you different questions. I want you to think about that, and what were your roles.

And as you think about that, we’re going to show you two videotapes, and I’m going to set them up before I show them to you and I want you to know that each one of them, the first one is of a teacher, she’s a middle school teacher, she’s teaching sixth grade.  And her room you’re going to see is quite astonishing; she has 32 regular children and 12 other children that are either mildly mentally retarded or learning disabled that come into her classroom on an ongoing basis.  So she has 42 children in her room; and I want you, I challenge you, to find the children that are learning disabled in that environment.

She is teaching electric circuits and this is where you’re going to drop into her class; she’s been videotaped for months; she’s been teaching a unit over a period of eight or nine weeks and she’s taught children, she’s given them a battery wire and a bulb and she’s had them explore how to light the bulb; they’ve learned how to differentiate between parallel and series circuits, they know how to develop a switch and make a flashlight, they’ve learned how to symbolically represent the concrete materials into a two-dimensional representation on paper.  They wired a four-room cardboard house and now she’s giving them the challenge to apply everything they’ve learned by giving them what are called mystery boxes, and those are cardboard boxes that have different things in them.  They might have batteries, bulbs, wires, dials, and she’s challenging them to apply that information.  So I’m only going to show a 30-minute video about a 6-minute clip.

The second video we’re going to show is of students that are much older, senior high, freshmen in college, and you have a physics professor who’s teaching an optics unit with those students.  That videotape is a WGBH video, and I can give you the information where you can get these series of videos.  We use them a great deal to build on a greater vision of what we actually do personally here from direct experience.

And when you watch these two videos and you reflect upon your own experience here, I want you to look at them from those three lenses and think about what patterns you see that they have in common and what questions are raised for you and what insights you have.  Those three, patterns, insights, questions.  Does that make sense?  Okay, so we’re going to show the videotape; this is Joanne the sixth-grade teacher.

[Brief video.]

MS. SHULER:  That’s the first tape; and while we’re putting on the second tape, does anyone have any reactions about the learning environment?  Yes?

PARTICIPANT:  I felt that the children were not afraid, coming up with hypothesis, they had learned how to do that.

MS. SHULER:  So it was a safe environment.

DR. CHOW:  The students seemed to have quite a bit of creativity and ideas to work together and there was no rigidity for discipline because they’re all involved, they’re all engaged, and so I think that one of the problems that many teachers have spending half of their time disciplining students, this teacher didn’t have because the students were all engaged working, and I think that’s probably a goal that we would like to achieve.

MS. SHULER:  So what do you attribute that engagement, why are they engaged?

MR. TOWNSLEY:  You could start with the real simple things:  They ate breakfast that morning, they got a good night’s sleep, start with the food, shelter, the basics which you need to have to be an engaged student.  And then they were working on something that they obviously had a good amount of prior knowledge or background information, so there was no anxiety about success or succeeding in the next 45 minutes based on it being too new.  So I would say those are two of the main factors, that they had good background information and that they were prepared physically and emotionally to be there and engaged.

MR. BADDERS:  I think obviously the kids have been in an environment where they’ve been allowed to share or open up their findings for critique by their peers, which scientists do don’t they?  And so they were comfortable in sharing and sort of arguing their position and trying to convince somebody based on from what they had learned previously.  And that kind of an environment has been created through probably lots of work with those kids.

MS. SHULER:  That’s actually true and in fact if you watch that video for a little bit longer, for maybe about six or seven minutes, you would have seen her have them evaluate her and she posted all their evaluations in an open way on the wall; and what she told them was, you told me that I created too many interruptions for you which was causing problems for you in order to learn so today I’m not going to interrupt so much.  And so they felt very comfortable in assessing her, so clearly she is an expert teacher, she felt very comfortable where she is.  But I want to come back about here, in order for them to be that engaged and to learn what should we know about her, what are the characteristics of her?

DR. HORN:  One of the things that I saw was that she prepared the students, there was some stuff that she knew she wanted to work on the interests of the students and how much they were using prior knowledge so they needed to talk a little bit about what strategies they would use, and some of it was whole class, and once that had been modeled then the students could talk to each other a little more and some of what they did changed as a result of that little bit of preparation.

MS. SHULER:  Yes, and in fact we don’t have the time to do this today but there’s a clear differentiation between peer inquiry and guided inquiry and this is structured guided inquiry.  I know for us and I’d be very interested, we’ve never seen a classroom anywhere where you could handle peer inquiry, it requires the teacher to know an enormous amount of science as well as to have at their disposal an unlimited amount of equipment and supplies in order to pursue children’s questions.  Yes?

MS. KOSKY:  Each of the students then summarized and reflected upon their results and wrote it in a log, there was a full structure in the class.

MS. SHULER:  Yes, absolutely.

DR. RAMIREZ:  She seemed to have a good sense of where the children were developmentally and be able to differentiate the tasks and how she was planning to assess them.

MS. SHULER:  Did you see evidence of the learning cycle, any part of the learning cycle?  Who saw evidence and what did they see?  Yes?

MS. MASCIA:  At the beginning the focus where she drew out the student’s previous knowledge and ideas, and then the second phase, which is exploring and gave them the task, made sure that they understood clearly what the task was and then she just backed off and let the students take over.

MS. SHULER:  If you spend a significant amount of the time in a classroom like Joanne, what you would see is that her walls are absolutely papered with children’s work but the most critical component of that work that I was so impressed with in watching her over time is that she would always start with where those children were, what do they know, what don’t they know, what questions would they like to pursue and some they could never pursue and there’s some questions they asked that we just don’t know the answer to and she had no qualms about telling them that.  But systematically after every lesson she would go back and revisit those charts through a process that she created and she would ask them what do we now know that we didn’t know before and what is it up there that we want to modify or correct.  

So that over a period of 8, 9, 12 weeks what you began to build was this incredible reflection of the ways in which they grow, were growing.  Also you would find in her room if you looked at her notebooks, I’ve seen her teach a butterfly unit in which she would begin by having the kids draw a butterfly and then reflect at the end after they’ve drawn a butterfly her first priority was to have them reflect the ways in which they were growing and to also assess her in the ways that they were helping them grow.  And so that is what you find in that continua of novice/competent/expertise, that one of the highest levels of teaching and learning that we would aspire to, so I just wanted to add that as a component.  Yes?

DR. MARTINEZ:  I had a question about the way that she framed the problem for students, she was trying to advance student’s knowledge about what was in the box but the way I remember it is that she put it in positive terms, what can we learn about what is in the box, some of the students were able to make good predictions about what was in the box, some of the students were not, they were able to conclude what is not in the box which is a different kind of conclusion and it just seemed to me those are both really important in scientific thinking to eliminate as well as to affirm, and it might have been nicer if she pointed those out to students that they were drawing different kinds of conclusions.

MS. SHULER:  That is in a subsequent videotape but that’s a very important observation.  You will find, in the learning cycle I gave you, we gave you a snapshot of the application of all their knowledge; these children have been studying electricity for quite some time and the expectation was that they were going to apply what they knew in troubleshooting what was in a box.  And you saw how they struggled, initially they never used any of what they learned about electricity, they were using a magnifying glass to find out what was in the box and shaking it, but with time, she was patient, they began to move to that application and that’s one of the things that we as a country I think you’re aware is one of our greatest challenges in terms of instruction; we tend to be very good on the front end of teaching kids facts and some isolated concepts but we never get to the highest level of learning which is how to apply all that to a new situation.

We’re going to show you a second videotape and we’re going to fast forward many years ahead, another six or seven years, and so now you’re going to see a physics teacher teaching an optics unit and we’re going to show another five, six minutes of this videotape and I’d like you to look at this again and see what you can describe with respect to the learning environment, what you know about the teacher and what the students are doing seven years later.

[Brief video.]

MS. SHULER:  Comments?  By the way that videotape is an hour long, spectacular videotape if I might add.  What was the learning environment?

DR. SHAPIRO:  I was going to say the theme seems to be, and appropriately, attaching new information to old information, and that’s really the theme, not just in science but as a learning strategy.  So to the extent that teachers can do that, and he did that very well, also I think the thing about science is that you can rely on your own experience, unlike teaching poetry potentially or other kinds of things if you don’t have experience with poetry, everybody has science experiences of the sort that he was using, so he grounded it in real life and then he moved on to the general.

MS. SHULER:  Yes, but you’ve said something I think that’s very important that is a critical element in all learning, that he grounded it but did he not begin with where they were by asking them what do they know, what don’t they know, what would they like to know, and could you not do that with poetry?  I just throw that out as a challenge, that we tend to kind of skip that when we begin something in which we treat people as if they don’t know anything and systematically like Joanne you see he keeps building on lesson after lesson, which I think when you read the book How People Learn you’re going to see this, it’s not only as you begin to develop the concepts in this case about mirrors, how he’s beginning to connect those to lenses so that they get larger conceptual ideas.  Yes.

MR. BADDERS:  He clearly, the idea that there was multiple ways of knowing about things, and the one kid that said well, he really wanted to just use equations as opposed to other ways of learning things, which puts the students in a comfortable position if they’re not good say at equations but they’re good at some other way.

MS. SHULER:  Multiple ways of knowing.

DR. HORN:  Joanne did that earlier as well because the students wrote things down, drew, so they had a variety of ways of communicating what they had observed.  And both prepared by talking about strategies, except that the term strategy was not used by the sixth-grade teacher, they just asked what are ways that you would look at it and now other language was used for the same purpose.

MS. SHULER:  What did Arthur know as a teacher in order to teach this way?  How could you characterize his knowledge and expertise?

MR. Sinwell:  I think his knowledge and expertise were really great and he knew that the topics were connected and how they were connected; and I think we all know where our students are at in general. He did ask them specifically, and that helps because by anticipating their answers you can form your question in a certain way to elicit the information that you wanted but I think your knowledge needs to be really high or deep.

MS. SHULER:  Yes, I would agree with you, Arthur’s knowledge of physics is quite extraordinary but also his pedagogical knowledge and his knowledge of children at that age is also extraordinary, which plays a role in the Socratic dialog in which he was engaged in with those students, that he knew when to ask the right question at the right time, he was continuously assessing where they are, almost seamlessly in that room and it would be hard— I think that’s also the characteristics of an expert teacher—to differentiate where classroom management begins and assessment ends and it’s all seamless.  What was the role of the students in that kind of an environment, both in Joanne and in Arthur’s classroom?  What were they doing?  They were all engaged like you said earlier, that everyone in Joanne’s classroom, all 42, and by the way can any of you identify any of the learning disabled students?  One?  And tell me what was it about that person and who was it that made you --

DR. CHOW:  He was a boy and --

MS. SHULER:  Jermaine you mean?

DR. CHOW:  No, I don’t remember the name, it was the boy who was writing and then he was given a chance, I think he was working in partnership with a girl, to redo the process a little bit more slowly and the girl allowed him to do it.  And the interesting thing is that the teacher was allowing the girls to answer the questions more so then the boys, which is nice.

MS. SHULER:  Well, if I can step in and tell you a little more because I know a little bit more about this classroom, do you remember the scene in the classroom where she stoops down and she asks the little girl what is in this box and the girl could not figure out what was in the box and there was a little boy Jermaine sitting there and she said well, when I put the two wires in here the bulb didn’t light and Joanne said do we know the bulb works, well, no we don’t, so why don’t we test that, why don’t we give it to Jermaine and test it, do you remember she said here Jermaine, she just directed him to do it.  

Well, two things I would tell you that you don’t know that I happen to know about that classroom.  First of all Jermaine could not on a test, a paper and pencil test where he was given a picture of a battery, a wire, and a bulb, he couldn’t write the connection to determine or to demonstrate that he knew what a simple circuit was.  And so Joanne set him up to do that to see whether or not he could do that in a hands-on way; and what she learned from that was he knew how to do it physically, he couldn’t translate it in symbolic representation.  But the learning disabled child in that scenario was the girl; she had been classified as severely learning disabled and I was in that classroom quite some time ago about here, she can hardly write and could not read when she’s in sixth grade.  

So I just thought I would throw that out to you as something for you to think about in what we’ve learned about constructing environments like this that many of those children do better in this kind of an environment than they do in alternative environments.

So it’s 5:00, I want to honor the fact that we’ve had a long day, we’ve been here since 1:00, and I want to wrap this up, not by telling you anything but by leaving you with some questions.  

So let me summarize where we’ve been today and what I’d like you to think about as a group as you move forward for the next two days.  We started out this afternoon by saying that we were going to give you an opportunity to share the current and the desired state of effective learning and teaching both in science and mathematics, and I think Janine has done an extraordinary job in capturing your comments over there visually, both on what you originally brainstormed about at 2:00 this afternoon, both in terms of the desired and the current state, and then through our debriefing and some of the comments that we’ve talked about, both in terms of the hands-on experience that we’ve had with floating and sinking, and very briefly through these two field trips that we’ve taken to a middle school classroom and a high school/freshmen college classroom.

What we would like you to think about, and I know you have dinner and the next two days, that you’re all here working on Math/Science Partnership Projects, your goal is to improve learning and teaching with children, for some of you it’s elementary, for some it’s middle, it’s high, it’s also transformative education for what’s going on at the undergraduate level to support that both in preservice and actually in the science and mathematics content courses.

And in light of what you’ve experienced today you have a record not only here on the wall but we’re going to give you a record of that to take home and we would encourage you to engage your community in a similar scenario, but for you to begin to think about meta-cognitively the implications of this and when you look at your plan, as you’re beginning to implement it, are there things now that you want to add to it that you hadn’t thought about before, are there things that you want to delete that you originally conceptualized and now in light of this information and in light of what you may read that has more meaning from the books that you will receive both in terms of on the CD and future reports, or how might you modify this to better reflect your work that’s done on research about how people learn.

As you do that we would encourage you to think about these six critical areas, in the center, do your community leaders have a common shared vision for how people should learn and how teachers should teach both science and mathematics at all levels, and what might you do to engage them in ways in the way we believe we’ve modeled here for you to help them reflect about their prior knowledge and their current knowledge and to give them some type of direct personal experience that helps them benchmark their own experience with something that’s new.  And what implications then does that have both for the kind of challenging curriculum that you would be picking or your instructional materials, the kind of professional development programs that you would organize, the K-16, the kind of assessment that would align with that, and then finally one that’s frequently missed in addition to the partnerships but the equipment and supply that has to be the underpinnings of those experiences.

I’d also like to revisit this because as you know this entire workshop today, this afternoon, and also for the next two days as well as each component of it was based on the learning cycle, so we began with tapping into your prior knowledge about what you perceived to be the current state from your own particular role or perspective, you also gave us some information about what you felt should be the desired state.  We have some new information that should help you begin to modify that.  We’ve engaged you in what we think are some significant experiences given the time that we’ve had, we’ve had some reflection about those experiences, and we’ve now given you the opportunity for you to begin thinking about the ways in which you’ll apply those to your projects. 

You’re going to hear more so I’m going to set the stage for tomorrow about how people learn and I think what you’re going to find is that what happened today, the underpinnings of that is reflected in the literature and the work, the research on how people learn, which those are three of the basic tenets of that work.  You have this in your overheads and I think it’s been a good day and I hope you’ve all enjoyed it and will find it useful in the work that you’re doing and have a good dinner.  We’ll be around and I’ll be around for the next couple of days.

[Applause.]

DR. ZAHOPOULOS:  I have to leave unfortunately,  I wish I could stay with you but I have to leave, and I won’t be able to enjoy your company, but it’s been a pleasure to work with you even just this afternoon.  Thank you.

[Applause.]

MS. SHULER:  Join me in thanking Janine, we’re going to leave this up here, and Kay and others can feel free to build on this. She won’t be here in the next two days but we can take this down and give you copies of it.

[Applause.]

DR. LABOV:  Just very quickly some logistical information about dinner.  We are going to go to the other end of the rotunda into a room called the Members Room where we’re all going to have dinner.  

And what I’m hoping is that the people who are going to be the facilitators and presenters for the next two days will spread themselves out so that you get a chance to meet them, and I just wanted them to stand up so you begin to put some names and faces together.  Bonnie Brunkhorst, and we’ll tell you more tomorrow, the details, because it’s been a long day of what everybody is going to be doing.  Herb Brunkhorst, they are related by the way, Mary Colvard we’ve already introduced to you, Mary Kosky, Laura Maitland, Mike Martinez, Kay Merseth.  Kay will be doing some wonderful things with you tomorrow; Jose Mestre will also be giving a keynote address tomorrow morning; Nancy Shapiro; and we’ve already met Sally and Christos.

I also wanted to introduce you to Terry Holmer, stand up Terry. Terry and Janet have down yeoperson’s work in putting together all of these workshops and again, we’re all here to meet any issues or needs that you have, don’t hesitate to call on us.  So we will lead you down to the other end where we will be having dinner.  

For those of you who would like a copy of Transforming Undergraduate Education it’s over here.  We will try to get copies of the other report for you sometime tomorrow.  

Thank you.

[Whereupon at 5:15 p.m. the meeting was adjourned.]  

