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Philip Sadler
It gives me great hope for our society that so many people could get up this early on a Saturday morning for a conference session on “Science, Pseudoscience, and Belief”. Welcome, I’m delighted to be here and we have with us four of the foremost experts on the problems encountered in bringing science to the general public. They’re definitely worth getting up for.
My name is Phil Sadler. I’m from the Harvard-Smithsonian Center for Astrophysics. I do work in curriculum development and research on science education. But I wondered why I was tapped for this particular job of being moderator for this group, and I think it’s because about five years ago I moderated a debate at Harvard between creationists and scientists and I guess it was successful because no one was injured, except for a few bruised egos. So I hope that the audience behaves as well today as they did there. 

As I helped bring this session together, I got to talk to each of our speakers and they were either rushing to a meeting or in an airport lounge. And I got to talk to them about their ideas about bringing science to the public and what the difficulties are and the kinds of things that our audience here might be interested in. The two particular topics that I asked them to think about were how can the public distinguish between pseudoscience or non-science and science—the demarcation question, which is difficult for scientists and I think even more difficult for the public. And the second question was how should scientists deal with conflicts between individuals’ belief systems and scientific evidence. 

So in preparing for this, I thought about what would be the best way for people to present with four incredible speakers, and we decided that fifteen minutes per speaker after a short introduction and then five minutes of questions for that particular speaker, and then the next speaker would come up. When the time is up for everyone, then I’m asking each speaker to think about a question for each other, something you would want somebody else in the group to answer, and then we’ll go back to general questions for the audience. Now, I’m reminded that we have runners with microphones, so if you raise your hand, you should wait to be recognized and for a microphone to get to you to speak since this session is being recorded. 

One of the thoughts I had about this issue was that as scientists we often view ourselves as this embattled minority, while in the public eye we’re often seen as a Goliath bullying those weaker and gentler. We have time in our schools, we have time in the news, and we’re very well placed in society, and people think that perhaps we’re too well placed. Now, given that science is the triumphant philosophical system in the last five hundred years, many people reject that view and think that other systems come to the front of their beliefs. As an example, one of the opportunities we had in developing a curriculum on astronomy was to have students have the opportunity of comparing pseudoscience astrology with the science of astronomy. And as a curriculum developer, we developed twelve horoscopes which matched twelve famous people, from Martin Luther King to Al Capone, and in each class, students were given the responsibility of matching up the horoscope with a famous person. 

Now, as you can imagine, the hits were random. And on average, one kid got one match, but always in the class there was somebody who got three or four matches. And they were deemed gifted, and this reinforced the view that this pseudoscience of astrology was actually science. So even an activity that was designed to show students what pseudoscience was is not necessarily successful. So I’m looking forward to hearing about the methods in which pseudoscience and science can be compared for the public eye. 

Our first speaker is Dr. Connie Bertka, who is the program director of the American Association of the Advancement of Science Program of Dialogue on Science, Ethics, and Religion. Now she is, you can read her biography, but probably the most distinguishing factor is that she has degrees both in science and theology. And I’m very interested in hearing about how the AAAS reaches out to communities of faith. So, welcome.

Dr. Connie Bertka

Thank you and thank you so much to the organizers for inviting us all here today and setting the stage for what I hope is a great conversation. You heard our Chair asked us to consider several questions this morning, and as you might expect, I’ll spend most of my time dealing with that second set, namely belief systems and strategies for presenting science to a skeptical public. Largely that’s because those are the areas where I believe my experiences, for now seven years, with the AAAS Program of Dialogue on Science, Ethics, and Religion, and while I was attending theological seminary on a very part-time basis over twelve years, might give me the most insight, and it’s probably the area where I can be the most helpful.

What I’ll try to convince you of, I’ve summarized here in the title slide. If I understand the overall goal of this conference, what we’re trying to do is develop communication strategies that will help us lay a better foundation for scientific literacy. And in regards to science, pseudoscience, and belief, my short answer would be, we need to speak, we need to listen, and most importantly, we need to bring a friend to the conversation with us. 

Now, before I elaborate, let me just say a word about the Dialogue program. Most scientists associate the American Association for the Advancement of Science with the publication of Science magazine, but many of you are aware that we also have many program areas, and the Dialogue on Science, Ethics, and Religion is located in one of our science and policy directorates. What are the objectives? We want to contribute to the level of scientific understanding in religious communities, and we also want to promote multi-disciplinary education and scholarship of the ethical and religious implications of advances in science and technology. You should be aware, the program’s been around about eleven years, but this actually feeds into a longstanding commitment that AAAS has had to relate scientific knowledge to the concerns of society at large. 

Just in case you’re wondering if there is an audience for our work, this slide shows the results of a U.S. religious identification survey in 2001, when 50,000 Americans across the nation were asked to respond to the following question, “What’s your religion, if any?” Here’s what they said: 81 percent identified with some religious group, 14 percent answered no religion, and the other 5 percent didn’t respond at all. And of those that did respond, 77 percent identified themselves as Christians, at which point they’re asked another question to identify their affiliation. Over 50 percent of the Christians identified themselves as either Catholics or Baptists, but of course, there’s a large diversity within the community and it’s going to be reflected in their perspectives on any given issue, both within a denomination and between denominations. And of course, the other most visible thing in this slide is that other religious groups account for only 4 percent. 

So given the large percentage of the U.S. society associated with religious communities, our program doesn’t find itself with a lack of an audience. Before I speak about our work, I should say just a word about pseudoscience. First of all, there’s some good news here. The fact that it exists at all means at least somebody thinks that science is valuable enough that they should try to copy it.   Of course, the problem for us is that the copy job is terrible. And how do you identify it? For that, I would point you to the work of Barry Beyerstein. He’s a professor of psychology, he’s spent a career studying pseudoscience. How would he advise you to identify the characteristics of pseudoscience? PS fields operate in isolation. They’re not connected with mainstream research organizations or workers in relevant fields. They’re non-falsifiable; often by definition, they’ll present things that can’t be falsified. They have a tendency to misuse data, and unlike science, they fail to be cumulative and self correcting. And also, they tend to appeal to special pleading, “Hey, we’re doing cutting-edge work here, just give us a little time and we’ll get it sorted out.” 

So clearly, to distinguish PS from science, we have to understand what science is, and that amounts to scientific literacy. And how do we measure it? What’s an acceptable level? For that I would point you to the work of Dr. John Miller, who you know has spent years studying public understanding of science and technology in both the U.S. and abroad. And he’s come up with measures for scientific literacy and I like his practical definition, which I’ve shown here. He suggests that scientifically literate individuals can understand the science section of The New York Times, understand most episodes of NOVA, or understand popular science books, actually all three. In 1999, he found that only 17 percent of Americans qualified as scientifically literate by this definition. So of course, that suggests that most of the U.S. public is not well equipped to recognize that the characteristics listed here describe a non-scientific practice. 

Now, our Chair also asked us to comment on why scientists, who we would assume don’t suffer from the same issues with scientific literacy, might also have difficulty distinguishing science from PS. Well, I would speculate that the danger is greatest when we, too, are lured by congenial beliefs, especially if faced with something outside of our field. What, you say, scientists lured by congenial beliefs?!  For me it comes down to this: the six years I spent in graduate school in the physical sciences did nothing to erase the fact that I’m still part of the human race. And I’d love, for example, to win the lottery. And this is despite the fact that I’m vaguely aware of studies that have shown that lottery winners don’t necessarily end up in a happier place than the losers. But certainly if I was faced with a landslide of wealth, I would handle the situation better than those before me. And the difference for this community, we can test that. We can pass a hat around and you can contribute generously and you can all check in on me a couple years from now to see how I’m doing. And of course, that’s the advantage that science has. Ultimately, we use the scientific method to test our hypotheses, and so we would hope that in terms of pseudoscience, we have a shorter time frame for tolerating it. 

So now I’ll turn my attention to the last two questions.  How do we deal with conflicts between individual beliefs and scientific evidence? And how do we begin to present science to a skeptical public? Again, the short answer: speak, listen, and bring a friend. But importantly, we need to design our strategies with the understanding that no short-term magic bullet is going to do the trick. We need to be thinking long term. 

As you’re aware, the scientific community has been struggling to find an effective response to numerous challenges to the teaching of evolution in public schools.  No short term bullet is going to solve this problem, we need to be thinking long term.  Last year the headlines were dominated by intelligent design. We know what’s at the root of this issue, it’s the public’s perception of the relationship between science and religion, and quite frankly, our own perception. How do we respond? The majority of us know that we don’t want to promote an idea that science and religion are by definition in conflict. And in fact, historians of science and religion have shown that a motif of conflict is oversimplified. 

Unfortunately, the reality isn’t all that much more helpful either. In the words of one twentieth-century theologian, science as irrelevant to theology is the perspective that shaped much of the mid-twentieth century’s theological scholarship and theological education. And that’s certainly by and large the experience that I encountered in seminary with a few good examples of where that wasn’t the case. Why is that? When we speak as science educators, we desperately try to help people understand what science is and what it isn’t, what it can do and what it can’t, and that’s a message we need to keep delivering. And quite frankly, we have to keep figuring out ways to deliver it more effectively. 

That said, I’ll argue there’s another approach that has its time and place as well, and that’s one that looks for dialogue and interaction, especially for the way in which science shapes religious understanding. And in order to participate in that approach, we need to be able to listen. 

So I’ll illustrate with a quote from The Washington Post Magazine last year, “Darwin Versus God: What the War Between Evolution and Intelligent Design is Really About.” I believe the author, who interviewed students, teachers, and scientists for this story, expresses quite nicely why we need more than a contrast approach. If intelligent-design advocates have generally been blind to the overwhelming evidence for evolution, scientists have generally been deaf to concerns about evolution’s implications. We are correct in helping people understand that science can’t by itself answer questions about meaning, but in doing only this, without a broader conversation, and admittedly one that takes place outside of the K-12 science classroom, are we also suggesting that what science learns about the world, what the world is, has no relevance for our thoughts about what the world means?

What do we do? We need to be proactive in encouraging that the larger philosophical and cultural issues are discussed and that what science has learned about the world is part of that discussion. But here’s the kicker, we need to own up to the fact that science is only one component, if that, of the many that people bring to the table when they develop their world view. And we’re not likely to change this. For some people, not only is science irrelevant to their world view, scientists and the message of science are viewed with hostility. We’re asking ourselves today how can we get past this hostility and irrelevance. Besides speaking clearly about the nature of science and listening to people’s concerns about what we have said, we need to bring a friend to the discussion, one who can reach the audience that we’re trying to engage, one who isn’t greeted with the skepticism that we are. 

And I’ll end by highlighting one project where we’ve tried to do this. Last August the AAAS Program of Dialogue on Science, Ethics, and Religion published the Evolution Dialogues: Science, Christianity, and the Quest for Understanding. It’s a 200-page, plain- language volume. It was developed in consultation with several religious communities, largely mainline, as well as scientists. It’s an attempt to provide a resource that not only presents the science, but also will help initiate discussions about the underlying concerns that evolution raises. It grew out of conversations with religious educators, denominational leaders, and interested ministers that began in the year 2000. Our first edition has sold out. Not to worry, the second will be out soon. Do I expect this project is going to make the work of Genie Scott and the NSCE obsolete? Afraid not. But I do believe that the contacts we’re trying to build with the DOSER program and this type of work are an effective strategy, or at least one piece of an effective strategy. But it’s a long- term strategy.

And finally, if I can have the last slide, just in case you missed this, it’s the Opus cartoon that appeared right before Christmas, and we see Opus talking to his friend Steve. The gist of it, obviously they’re talking about this beautiful horizon here. Steve Dallas, “It was made.” Opus, “It just happened.” Steve, “Designed.” Opus, “Transpired.” Steve, “On purpose.” Opus, “Accident.” Steve, “I feel it.” Opus, “I know it.” “Prove it.” “Easily.” “There.” “Exactly.” And they’re looking at the same thing. They exchange a cordial handshake but what’s the last thing they have to say to each other? “Pffthhh!” 

Let me just end by reminding you of something your mother told you a long time ago and it’s very important when it comes to thinking about bringing together scientists and religious-community folks to work on issues. Be careful how you choose your friends. Actually, we don’t need Opus or Steve Dallas at the table on this one. Thank you very much.

Philip Sadler
We’re going to take a few questions.

Audience
I’m just interested in asking you whether and to what extent you’re actually engaging professional philosophers in facilitating these questions which have been the purview or concern of philosophers for centuries. What role do they play in this discussion?

Connie Bertka
In the particular volume, this particular example, the Evolution Dialogues, we did not, I believe, I have anyone on the editorial committee or the working committee that has a background in philosophy unless maybe one of the theologians had a degree in that. But the broader answer is, yes, we do involve them. And in many of the workshops and dialogues that we put on, they’re at the table. We have a multi-disciplinary advisory committee, they’re there on that. There’s another project we worked on for years on astrobiology and they were definitely sought out as part of the conversation partners.

Audience
It seems to me that a lot of the dialogue from the religious side is dominated by extreme views and I’m wondering how successful you are, or what strategies you might pursue, to bring theologians, people from divinity school, places like where you studied, who don’t rail against science, how you can bring them into the dialogue so that all of the quotes in the newspaper articles are not dominated by the religious extremists?
Connie Bertka
I’m happy to tell you that that’s exactly what we’re trying to do. We’ve recently had a meeting with seminary deans and presidents, and I can tell you something that’s very refreshing when you sit in the room and have opportunities to talk to these folks. There is a large community out there who support you and your work a hundred percent. And the particular conversation we had with these folks, they want to see science be a bigger part of their curriculum in seminaries. And part of what is already in their curriculum and part of what they need to do to be accredited is have a program that helps the student look at their faith tradition in a cultural context. And part of being able to do that effectively, is you have to understand what’s going on in your culture and you have to understand science in this culture. And they recognize that. 

And you know what, you’ll find that, yes, the conversation tends to be dominated by the extreme ends. But it’s been my experience that you will find folks of that bent across the board, even in the most conservative groups. And that’s, that essentially is my point. There is a possibility of working with those groups, but you have to seek out the folks within that community who can help you. And they’re already between a rock and a hard place and just the fact that you’re willing to speak with them and want to work with them can go a long way. 

Audience
I’m Ruth Lucier from Bennett College for Women, and at our school we also have that split between Catholics and Baptists. Even though it’s a Methodist school, most of our students are actually Baptist and second we have Catholics. And I’m very interested in whether in any of your studies, you’ve found that the Catholic students are more open to views of evolution, given the fact that the Roman Catholic Church long ago accepted the theory of evolution as plausible and just a grander way in which God managed to pull off the creation process.

Connie Bertka
Yes, it’s certainly been my experience in the opportunities I’ve had to work with folks from the Catholic community, and I should also ‘fess up here, I’m a product of twelve years of Catholic education. I’m not a Catholic any more, I’m a Unitarian Universalist, but I have to look back on that experience and realize that part of my openness and desire to look at that relationship between science and religion and take both seriously probably grew out of my experience in parochial schools where I was encouraged to do that. And it was certainly my science teachers in those schools who pushed me and got me the right opportunities to get started in science.  So I think there is a mind-frame difference there, but I’d also say that the Catholic Church isn’t done either, you know, and leaders and scholars in that church recognize they still have a lot of work to do on relating science and religion. 

Philip Sadler
Last question. 

Audience
Bob Bienkowski. I’m a private consultant. It occurs to me that this dialogue is very difficult for a person who has immersed his or her life in doing science, and in particular come to look at falsifiability as an approach to doing science, because you’re asking us then to enter into a dialogue with people of faith who do not understand falsification. And it also occurred to me that your definition of pseudoscience, non-falsifiable and non-correcting and to an extent misuse of data, to some at least is very similar to religious dogma. And it may sound like an extreme view, but I think working scientists have really taken this as part of the way they think and that makes it very difficult for them, for us, to enter into this dialogue with people of faith. 

Connie Bertka
Well, you certainly—and actually I’d like to begin by commenting that when I was reading and looking at the definitions of pseudoscience and starting to think about this being put in the same category as belief and religious belief, which some might suggest the title of our program is doing, that it didn’t strike me as that initially. That just doesn’t match my experience in working with religious people, that they’re doing pseudoscience. I think the problem is we need to be careful about separating, yes. You’re not going to be able to go in a religious community and ask people to test their faith empirically. They’re going to start with a certain set of assumptions about the world that you may not share. But at the same time, don’t assume when you walk into that religious community that reason plays no role in their lives, because it does, and particularly for religious scholars. 

So they’ll start with an assumption you may not agree with, but they do go on to do scholarship within their faith tradition. And yes, I don’t think science has a role to tell them that their assumption is wrong, but don’t you want them to do that work with the best available science? And there are religious scholars out there that want to do that, they want to take what science has learned about the world seriously. They’re not going to use it, nor should they, nor is it appropriate to, to decide whether or not God can exist. They’re going to start with the assumption that God can exist. But when they think about how they should live out of their faith tradition, and what they need to do in the world, we want them to have the best science at their disposal.  Let me just stop there, I’m sure we’ll talk about this some more.

Philip Sadler
Well, I’m reminded that none other than Albert Einstein said, “Science without religion is lame and religion without science is blind.” I like the optimism. I am informed by some video work we did a number of years ago with Matt Schneps, who’s here in the front row, where we found that Harvard students, the majority of Harvard students thought the seasons were caused by changing distance from the sun and that the majority of MIT students could not light a light bulb with a battery and a piece of wire. If you don’t believe me, we have this all on video. It’s called “A Private Universe” and you can get it from www.learner.org from Annenberg Media. So the possibility of convincing, of teaching students or young people what science is and what it is not, is probably more difficult than lighting a light bulb. 
So that’s why we have our next speaker. Lawrence Krauss is an Ambrose Swasey Professor of Physics, Professor of Astronomy, and Director of the Center for Education and Research in Cosmology and Astrophysics at Case Western Reserve University. He has taught thousands of students, and I’m very interested in knowing whether he has been successful at changing some of their most basic ideas about the world. He’s a great scientist and teacher, well recognized. He’s written stirring and thoughtful and provoking essays and books about science and society, and I’m looking forward to a great talk. As Harrison Ford once said, as Indiana Jones, “Nothing shocks me, I am a scientist.”

Lawrence Krauss

Okay, I’ll try and shock. Science is based on empirical evidence and on my empirical evidences, it’s always better to have your own computer. And so in any case, Philip asked us to address a bunch of questions and I decided to try to address all of them, which means I don’t have time to address any of them. So what I’m going to do is give you an advertisement for a talk, because we have about an hour, in principle, if we all hold more or less to our time, I’m just going to zip through a bunch of stuff which hopefully will provoke questions. But I want to touch on all of them. 

So I want to start with the problems, which we were asked to look at, and speaking of PS, recently I was asked to speak at the American Enterprise Institute, which is at the basis of much of the PS of the current administration. And it occurred to me that a fundamental problem crops up, cultural problem, that makes Americans more amenable to PS. And I was thinking about intelligent design versus evolution, but a friend of mine had just come back from London, and if you look at the ten pound note, you’ll see that there’s a picture of Charles Darwin on the back. If you look at the dollar bill, you’ll see there’s a pyramid with an eye on it. So it says something about the cultures. 

So that’s one aspect of the problem. Another aspect of the problem is that we’re besieged everywhere by nonsense, including in schools. As Chair of the Physics Department I got this catalogue, but lots of teachers do, and as you may or may not know, most middle school science teachers don’t have any training in science whatsoever. And so they rely on things like this to try and make their classes interesting. So I was looking at this, you won’t be able to read it, but I will. I went to page 71, I think it is, “Mysteries of Science,” and the central thing is a National Geographic, that looks good. But if you look at the details, the other ones that these teachers have for talking about science in their school are Bermuda Triangle, Nostradamus, Loch Ness Monster—my favorite one, “Loch Ness Monster Revealed.” And so, you know, if the teachers don’t have a filter because they don’t have any training in science how can they tell what’s nonsense here and what’s sense? It’s a big problem.

So that’s in the schools, but of course, in the media we’re subject to nonsense everywhere, pseudoscience. On Fox TV, which has PS both in its entertainment and in its news, this has often been shown, this continues to be shown. It’s an alien autopsy from 1947 and from the crash of an alien spacecraft. And it was called a news item and it was really, you know, this was a movie taken during the alien autopsy. Now, it’s nonsense, this is not an artistic statement, it’s nonsense for an objective reason. I think it was John Farmer, from the Aerospace Hall of Fame, who looked at this movie and analyzed the graphic images from the operating room and they were real government issue. That’s good. The trouble is, the graphic design was issued for government use in 1974. So this is much more interesting than an alien autopsy, this is time travel. But in spite of the fact that it’s manifest nonsense, it’s shown over and over and over again, as if we’re covering something up. So the public is barraged by nonsense in that regard. 

Journalism contributes to nonsense when it comes to science, for a number of reasons. There’s a fundamental tension between the way journalism is performed and what science is all about.  I deal with a lot of journalists, many of whom I have great respect for, but journalism is based on this notion that there are always two sides to every story. Whenever they write a science story, be it about evolution or about anything else, they always try to find someone to quote from the other side. And you can always, by the way, find someone to quote on the other side. 

The problem is, in science, that’s just not the way science works. In science, most of the time one side is just wrong. And that’s really important, okay, that’s what makes science so useful, because we can manifestly and unambiguously say when something is wrong and we can stop talking about it. But because there’s this thrust for balance, even when there is no balance, whether it’s on climate change or evolution, the public gets this idea that it’s, “he said, she said,” and you know, “I can believe both sides of the argument.” That’s a real problem. 

The other problem is that basically a lot of journalists are uncomfortable with scientific matters. And therefore, they won’t make pronouncements even when something’s obviously stupid. And I’ve had this experience on—we can talk about anecdotes from lots of things, from national news media, experiences I’ve had where journalists who are willing to ask probing questions of presidents or popes or whatever, will not for the slightest bit of nonsense in science, will not make a pronouncement, “Hey, this is just stupid.” 

Also, actually Al Gore was talking about this, and I added this last night, because it reminded me, I was actually watching the same day when he was watching the pillow fight. But most of it isn’t news on TV, it’s entertainment. And most reporters don’t know what news is. And so I was watching, while I was here at the hotel, this incredible long story on CNN the other day about terror, someone dropped a little mercury, like from a thermometer, in the subway, and they talked about terror and will terrorists bring heavy metals into the country. And it’s just such nonsense to worry about this, but it’s entertainment because people are worried about terrorism. Right? I mean, you could have had, “Well, terrorists are bringing lead paint and they’re painting the subway tunnels,” or something like that. 

And I was particularly sensitive because the same day we had had a press conference in Washington that I was at in London where we unveiled the Doomsday Clock upgrade to five minutes before midnight. And we were talking about a lot of issues that are really much more worrisome than someone dropping a little bit of mercury on a subway train. But CNN just had a little, kind of amusing report about how it’s five minutes to midnight because the non-news was much more interesting than the news, or the non-news of non-substance was much more interesting than the news of substance. 

Okay. At the same time, we have a lot of problems with scientific literacy, and you know, I always choose different data to upset me. But every year the NSF does a survey on scientific literacy and here are some examples from 2001. Fifty-three percent of American adults were unaware that the last dinosaur died before the first human arose. This is always my favorite one: 50 percent of Americans adults knew that the Earth orbits the Sun and takes a year to do it. I thought that was a trick question when I saw the survey until I looked and the survey just said, “The Earth orbits the Sun and it takes a year to do it, true of false.” It was a great success that year because it was the first year that more than 50 percent of American adults knew that human beings as we know them today developed from earlier species of animals. That was a short-lived success. If you look at the data, which I’ll show you in a minute, now most people don’t believe that and, in fact, almost 50 percent of the U.S. adults surveyed stated their belief that God created humans in their present form less than ten thousand years ago. And that’s just wrong. That’s nonsense, that’s just manifest nonsense, but most people believe it. 

I won’t go into this, but I think we have a big problem, not just with scientifically illiterate people, but people who like to think of themselves as cultured, where being scientifically illiterate is a badge of honor in our society. It shows you’re cultured and you’re an intellectual, and you’re an intellectual role model.  

But we also have this problem that in government right now we are attacking science with PS and this is an example, just a quote from the current administration. This gives you a sense of science in this administration. “The administration looks at the facts and reviews the best available science based on what’s right for the American people.” Okay, so first you decide what’s right and then you pick and choose the science. Okay? This makes it very difficult. And so I want to talk about some of the ways to try and approach it and then I want to talk about belief. 

Now, first you might say, “Who am I to say what’s nonsense and everything should be open to debate.” But the first thing we have to point out is that, in fact, in science it isn’t up to some fraternity of scientists or people with cloaks or whatever to decide what’s nonsense. It’s up to nature. Experiment tells us what’s nonsense. Okay? The earth isn’t flat. How do we know? Go around it. Okay? End of story. We don’t have to have classes with critical thinking to decide if the earth is flat or if it isn’t. We should allow our students to think about it, it’s just, we don’t have to talk about it. That’s the beauty of science. 

I think I’ll go back for a second. I want you to read this. I wrote a piece in The Times a bunch of years ago about science and nonsense and ultimately, I use a guide that the former publisher of The New York Times used, which I try to convince people to use as their mantra when they’re looking at these things. And it’s the statement, “I believe in an open mind, but not so open that your brains fall out.” And now that’s very useful, but you actually have to have a little bit of filter. But I generally tell people if you read something in a newspaper or in a journal, when I read physics articles in journals, if I look in there and say, “Nah, my brains have to fall out,” then it’s probably wrong. 

We also, when we talk about pseudoscience, should realize what the ethos of science is, because a lot of people, as I’ll talk about, think science is a bad thing. But science actually has some ethics of its own. It’s based on honesty, you’re not supposed to lie. It’s based on full disclosure, you’re not allowed to just pick and choose. You can’t pick the stuff that agrees and leave the stuff that disagrees out. You have to focus on the stuff that disagrees. And it’s also based on anti-authoritarianism, one of my favorites, that there are no scientific authorities, yet we often read “scientific authorities.” There are no scientific authorities. There are scientific experts, but there’s no one whose view is not subject to question by anyone—I was going to say the lowliest graduate student, but that’s probably a wrong thing to say.

The other thing is, when we’re talking, so when scientists start talking to people they make a big mistake that a lot of teachers make, and I talk to a lot of teachers, and that mistake is to assume the audience is interested in what you’re about to say. That is the prime mistake in communication that I know of, and if people would just remember that, then that would help a lot. People should remember that science is dull, hard, and totally unrelated to anything people are interested in, because that’s the public perception. And that’s what you have to work with when you’re talking. And the best way around that, the best way to, I’ve found, to approach PS in that regard, and in fact pedagogically, a lot of studies have been done, is to confront people or students’ own misconceptions. 

There’s this ah-ha experience that’s orgasmic that science museums talk about when you suddenly get a new picture of something. In fact, my only goal in teaching is that I hope every student has once in their life the experience of finding something they deeply and profoundly believe in prove to be wrong, because that opens your mind. And it’s also been shown that if you confront your own misconceptions, that’s the only way you’ll remember the results of things. And the great thing about science is that there are plenty of misconceptions to use, so we should use them. And I’ve used them in Star Trek and UFOs and in fact, one of the things I’m going to advertise but I won’t show is a clip from the X-Files. So if you want to see this, you have to ask for it later, but I want to use a clip from the X-Files to talk about PS so remember to ask for that clip in the question period. 

In the last few minutes, I want to talk about science and belief, and sometimes science versus belief. Connie was absolutely right—in many ways we try and not have a conflict, but there are lots of examples of conflicts that we can’t ignore, and they occur lots of places. Here’s one of my favorites in the United States. Recently then-House Majority Leader, happily no longer, Tom DeLay, (by the way, who had a degree in biology, which never ceases to amaze me), argued in the Congressional Record that the Columbine school shootings occurred in part because our school systems teach our children that they are nothing but glorified apes who have evolutionized out of some primordial mud. So evolution was responsible for the Columbine school shootings. Okay? That’s the kind of thing one has to deal with. 

Now at the same time, we cannot pretend there is no tension between science and religion; There is. And we have to understand that, and Steve Weinberg, who is no friend of religion, nevertheless said this, which is I think absolutely true, that “Science does not make it impossible to believe in God, it just makes it possible to not believe in God.” And that’s really profoundly important to realize because until you have science, everything is a miracle. But when you have science, it is possible to accept a world in which everything is governed by the laws of nature. And that fact, that it’s possible to not believe in God, but not required, nevertheless breeds a lot of the tension between science and religion. 

I spend a lot of time, as some people know, around the country trying to fight people who are trying to get rid of evolution in schools, and almost universally, in my opinion, it comes from a fear of science. You can see it in the creationist literature. Here is an example from a pamphlet. Okay, there’s evolution there, and evolution, of course, is founded on Satan, and it’s responsible for all the bad things, divorce, euthanasia, homosexuality, pornography, abortion, racism. And creation, of course, is being destroyed by science. That’s the mentality we have to deal with. 

And even in the so-called intellectual groups, it’s really based on fear of science. This is a wonderful document which you can still find on the Web from the so-called Discovery Institute which is the major intelligent-design group in the country. And they claim to be a scientific organization. But this was their strategy, which they’ve removed from the Web now, in which they talk about the fact that basically God came under attack from modern science, and that their goal is to overthrow modern science, even though they claim to be scientists now. And in fact, if you look at their goals, they began teaching science and attacking science teaching in public schools in 1998, in my own state of Ohio. Five years later is when we had to start having the big debates about science versus intelligent design. So even they are based on fear. 

When we talk about how to deal with this, we have to realize that there are very sophisticated marketing strategies. These people know how to deal with the public and scientists don’t, because they know how to do marketing and sound bites. And they market ID on three ideas. One, open mindedness—“Look, just keep an open mind, why should you just believe in evolution?” Honesty—“Let’s be honest about the fact that most people don’t believe in evolution.” And finally fairness—“Isn’t it fair if most people don’t believe in evolution that we shouldn’t teach it in the schools?”
We have to find other marketing strategies, and I’ve tried to do that. We should show that it’s close-minded, that this is a complete lie. We have to attack it as a lie—the marketing as a lie. Ideas—close-minded, dishonest, and unfair. And there are lots of examples, but, I showed you why it’s close-minded, it’s based on the assumption that science is bad. Why is it dishonest? They keep talking about a controversy. Well, one of the things I did with a colleague was look at a survey of over ten million articles in over 20 major science journals during the past twelve years, looked at keywords of evolution versus intelligent design. 115,000 articles came up with the keyword evolution. Most were about biological evolution. When you looked for intelligent design, it appeared in 88 articles. All but eleven of them, however, were in engineering journals where you hope there is intelligent design. Of the remaining eleven, eight were critical of intelligent design and the remaining three weren’t in research journals. So there is no controversy, but it’s claimed to be that way. 

Finally, they claim it’s unfair, okay, but they’re being unfair because here’s how science is done sometimes. Sometimes you have a novel scientific claim, then you do research, okay, trying to disprove it actually. Then you submit it to idiots called peer reviewers and they can’t really understand English and they come back with stupid arguments and you reply with letters with small words. And then eventually you may get it published, but big deal. A lot of the stuff in the literature is crap. But what happens is, if it’s important, a scientific consensus builds up and then twenty years later it gets in the high school textbooks. Okay? What do these people want to do? They just want to get rid of all the intermediate stages. That’s unfair. If they wanted to do science, they’d do it the way everyone else does. 

Finally, they say, “Okay, but what about the fact that 50 percent of the U.S. populace doesn’t believe in evolution? Should we teach it?” Well, it’s actually worse than 50 percent. Here’s some data which I can flip through. At least 65 percent of people don’t believe in evolution. In fact, if you ask the public what should be taught, only twelve percent say evolution only. Twice as many say creationism only, and the rest say everything. But you should remember that 50 percent of the American public doesn’t know the Earth goes around the Sun. So should we therefore teach the earth-centric cosmology in physics classes? No, because in fact, there’s a little secret here. The secret is that the purpose of education is not to validate ignorance, but to overcome it. And if most people don’t believe in evolution, it’s because we’re not doing a good enough job to teach it. 

Now I’m already two minutes over so I’m just going to try and end in the last minute if that’s okay. Evidence of design is probably the biggest problem because it’s very subjective. People see design here in these Christmas ornaments, but of course, they’re not Christmas ornaments, they’re electron micrographs of snowflakes. There’s no intelligent design here, there’s chemistry. You might say, well, in human structures, in geodesic domes like Buckminster Fuller’s, there’s evidence for human design. Well, that’s unless you have Buckminsterfullerene, which is Carbon 60, which is the same thing. But again laws of chemistry and physics produce it. So this notion of design in nature is very subtle and many scientists miss it. And think to the fact that they see no evidence for design as meaning that there is no design. And the point is that science is independent, as Connie said, in questions of purpose and design. And there’s a great example from Lemetra and the big bang that I won’t talk about, but we have to remember that science really doesn’t deal with questions of design. And the fact that we may or may not see it is, in fact, irrelevant. 

Scientists have responsibility not to overstep the case. The success of science doesn’t mean it encompasses the entire human intellectual experience, as Connie said. We have to worry about science versus scientism. And in fact, if we attack the evidence for design, or design itself, we’re not being scientists. It’s a philosophical question, not a scientific one. And in fact, as Carl Sagan said, “The absence of evidence is not evidence for absence.” So if we don’t see design in nature, and I certainly don’t, that doesn’t mean it’s not there somewhere. And in fact, the strategy, and I debate with Richard Dawkins about this all the time, the strategy of focusing on telling people what not to believe is less compelling than telling them how wonderful the world is, even if you don’t believe in God.

Science itself can actually enrich faith, and I think this is my last…  We must respect religious sensibilities, we can actually enrich faith because we can explain when the religious sensibilities are wrong and therefore improve religion. The earth isn’t six thousand years old, the sun did not stand still in the sky, homosexuality is not an abomination, women are not subservient chattel. And just to offend everyone, including the Umatilla Indians, the Kennewick man isn’t a Umatilla Indian and we shouldn’t have wasted any time when they wanted to hold that wonderful skeleton away from scientific exploration. And science isn’t the enemy—we have to convince people of faith of that. We have to convince scientists that faith isn’t the enemy. What’s the enemy is ignorance. 

And to conclude, really, the universe is a remarkable place without all the junk. That’s really what our goal is to tell people. You don’t need the junk to make it interesting. And in fact, only when you look at the world the way it really is will we build a just society. Science is not a threat to a moral world. And all those ethos things I talked about are part of it. But the bottom line is that science works. And whenever there’s a debate about science and PS, I’m always amazed when there’s a threat how people always come back to science. George Bush talked about how we should teach both sides of the intelligent design debate. When the avian flu came up, you heard him talking about how we have to worry about how quickly it’s mutating between birds and humans. You never heard him say, “It’s been designed to kill us, let’s forget it.” 

And for those who are concerned that the universe is scary and mysterious, we should just leave the fact that being scary and mysterious is a wonderful thing. Thank you very much.

Philip Sadler
I think we can probably take three questions.

Audience
Hi. You did a lovely job of talking about formal religion and its relationship to science. I’m an environmental educator and I think there’s an underlying, almost quasi-religious faith that we have a perfect market, sort of market fundamentalism, that is a real problem. You had one toss-away remark about the American Enterprise Institute. I wondered if you’d talk a little bit about what we can do to kind of get folks to admit that we don’t have a perfect market that’s going to spit forth the innovation and technology we need to save us from all the carbon we’re putting into the atmosphere right now?
Lawrence Krauss
Well, in fact, I think you hit a key point and that was my line about the American Enterprise Institute. And it’s my line—and maybe Genie will talk about this more—if you look at a lot of states, for example, Kansas, where they got rid of evolution in the schools for a little while, the thrust, in fact, from the Republican governor and the business community was to change that, because we convinced people that it’s bad news. In fact, I was able to do it in Ohio because if we want to be competitive economically, we have to have a trained work force. We have to have students, if we’re going to talk about biotechnology. If we’re going to deal with  these urgent problems, we have to have a scientifically literate work force. And I think one can use that argument to try and convince people that we have to teach science, that we cannot take science, including evolution, out of the schools. 

In terms of global warming and the environment, there actually is, and maybe we’ll probably get into it, a group, at least among the Evangelical community, that is now trying to actually merge with scientists to try and argue that we actually have to do something about our environment. I should say, to be fair, that there’s an equally and maybe larger group of Evangelicals who are arguing against that, saying that we’ve been given the world and God will take care of it. So it’s not as if it’s all wonderful, but we can use the component of the Evangelicals who are working to try and address issues of global warming and build together to try and fight those who are blind to the realities of life. 

Audience
Hi. Rick Fienberg from Sky and Telescope.  Hey, would you mind showing us that video clip? 

Lawrence Krauss
I don’t know, we’re going to have an hour for questions, so I promise I’ll show you the video clip, but thanks a lot. You’ll remember that, right?

Audience
Hi. Colleen Weiss-Magasic, I teach high school. You made an interesting statement about  journalists not asking probing questions of scientists they way they would politicians, and I was wondering if you would address that. Do you view that they’re not as versed in the subject area and consequently wouldn’t feel comfortable? Or do you view that scientists are not speaking in plain enough language for that to translate, or is it a combination? And if so, could you take us the next step and tell us how to fix the problem?

Lawrence Krauss
That’s a long question and I’ll answer a little bit of it now and then maybe more later. Actually, you’re absolutely right that most scientists don’t know how to answer questions of journalists. First of all, the answers usually have to be 30 seconds or less. And that’s a really difficult skill to learn how to do. 

But really, I wasn’t talking so much about that. I was saying that I have found that journalists, even when something is obviously wrong, are afraid to say it. Because the thing about science is if you make a mistake it’s kind of obvious. I mean, if you make a mistake about politics, you can argue that, you know, you can walk around it. But if you make a mistake about the age of the earth or something else, it’s manifestly wrong. What got me involved in this—the first piece I wrote in The New York Times about this—was in 1996 when Pat Buchanan was on, you may remember he was running for president, and every single thing he talked about in politics and economics was subject to intense discussion—protectionism, immigration. He got up and he said, “I don’t believe we’re descended from apes and we shouldn’t be telling students we are.” Now if you had to think of one person who was descended from an ape, Pat Buchanan would probably be the one. 

But what amazed me was not a single journalist in the print media or TV, not one, questioned that. Okay? And I found that remarkable. And, you know, when I do TV, even if it’s the physics of Star Trek, you know, it’s trivial, I spend most of my time calming down the anchor before we do the interview. Say, “It’s okay, it’ll be over soon, don’t worry.” And so I think that journalists are very uncomfortable with science—but maybe we’ll talk more about how scientists can learn how to deal with the media later. But I think I’ve gone over, so thank you.

Philip Sadler
Our next speaker is Dr. Eugenie Scott. She’s executive director of the National Center for Science Education. She a tenacious advocate for the teaching of science and is really a knight in shining armor who does the really heavy lifting in separating science from PS. I’m particularly interested in her ideas about how these kinds of issues rise to the level of federal court, up from our classrooms. One would think that these kinds of issues don’t need to be settled by courts any more, but indeed they do. So I’m very interested in hearing what you have to say—Eugenie Scott.

Eugenie Scott

Well, you’re not going to hear me talking about that, unfortunately, but that’s why they make the question period, right? There are a lot of possible things that we could talk about in a symposium called “Science, Pseudoscience, and Belief,” what a wonderful topic for a session. But each of us has only fifteen minutes, plus or minus, and we all had to decide, “What do I leave out and what do I get a chance to talk about?” Philip wanted us to talk about distinguishing science from PS, and I think that’s a very difficult thing to do. I have compared science and religion in my book and shown what they have in common and how they differ. But pseudoscience and science are a lot tougher to characterize, I think. Proponents of positions that most of us here in this room would consider pseudoscience claim they are dealing with real phenomena just as scientists are, and one way of proving things like ESP and psychokinesis and the like is through science. They seek the imprimatur of a powerful cultural institution, science, because this will give them validity with the people who they are trying to convince. But are they walking the walk or just talking the talk?
So before I talk about PS, let me tell you a little bit what I think about real science. And then I’ll try to explain why I think the various forms of creationism are PS rather than science. But first, what is science? Well, of course, science is an epistemology. It’s a way of knowing. And I look at the ways of knowing as being roughly divided into three kinds, there’s science, which I will talk about, but there’s also the personal state of being or insight, and this is very common among most human beings. You feel something, you have an intuition, and in many cultural traditions—remember my background is in anthropology—you deliberately generate hallucinations, the vision quests of Native Americans or, for those of us who are children of the sixties, vision quests of other sorts using hallucinogenic drugs—not me, of course, but…  And this is one, this is a way of knowing. People believe that they find knowledge this way. Rarely are you going to claim that you find knowledge about the natural world, but nonetheless. 

And that’s another point to think about, too. In science we are concerned about the natural world, but not all ways of knowing deal with the natural world. Authority is another way of knowing, and although we in science, being non-dogmatic types, cringe at the thought of authority, well, it’s not that bad and it’s actually highly adaptive. Connie mentioned her two children, both of whom are young. When Mom, back in the Pleistocene, said, “Don’t tease the saber tooth,” it was highly adaptive for the children to accept that authority; they were much more likely to pass on their genes. And parents are, of course, the first authorities, and we all accept some things based on authority. Trust me, when it comes to physics or linguistics, I trust the authorities. Although, in the case of those topics, I could actually learn enough information to test claims myself, but I tend to go for authority and so do most of us.

There’s a subdivision of authority called revelation, which is very important to many traditions that we would consider religious. But religion actually encompasses all of these. Religion is so much broader a way of knowing than is science. And I think that’s an important distinction. 

Okay, let’s turn to science. What is it that makes science a special kind of epistemology? I would say because science is based on testing explanations of the natural world. And what do we mean by testing? Well, most Americans don’t know this. I think it was Lawrence who mentioned the science and engineering indicators which are these bi-annual surveys of American knowledge of science but also of Americans’ knowledge of the nature of science. And that’s what I want to talk about. 
In the science and engineering indicators, investigators asked respondents to explain in their own words what science is. And the correct answer has to do with the testing of explanations or systematic comparisons or experimentation, something like that. Only a third of Americans had close to a correct understanding of this very fundamental idea of science. Most thought science just had to do with amassing a lot of data, as if this would answer your questions. And the investigators gave the respondents a practical example, which I will not make you read. Basically what they did was give people a choice. You want to know whether a new blood-pressure medication works so do you give the drug to a thousand people and measure how many have decreased blood pressure? Or do they give the drug to five hundred people with high blood pressure and don’t give the drug to five hundred others and see what happens?

Okay, boys and girls, how many of you think the first is a scientific approach? How many of you think the second is the scientific approach? Oh, come on! You can vote. This is the trouble with intellectual audiences, they don’t want to say anything. Well, unfortunately only 43 percent of the respondents understood the testing nature of science. Now testing, holding constant certain variables, is, in my opinion, the major and most important characteristic of science. Obviously scientists have to test their ideas all the time and test them and retest them. And other people will test them for you if you don’t. Remember cold fusion, remember Dr. Wang, the individual in Korea who claimed that he had cloned humans. Well, when people repeated and retested his claims, they did not hold up. 

ESP, psychokinesis, remote viewing, many proponents of these fields are running tests, they are attempting to test these ideas. And occasionally you get reports of positive results. But usually when you examine these reports, you find they are statistically weak, they lack blinding, by which you mean that the investigator does not know which of the two populations is the experimental group, which is the control. You do not have double blinding hardly ever, and the statistical results of these tests tend to be very, very weak. And of course, one reason why you apply statistical tests, and why you have controls in a scientific experiment, is to keep you from fooling yourself. We all want our explanations to be correct so you have to stack the deck against your explanations. That is what statistical and other kinds of testing is all about. Even when instrumentation is involved, you can’t necessarily assume that the results are going to be accurate because, you know, looking at the dial you might think that the dial was a little bit on the negative side as opposed to on the positive side. It’s easy to fool yourself, which is why we have double blinding and which is why we have statistical analysis of tests. 

There is a shortage of empirical double-blind testing of extraordinary claims by proponents. There is some testing by skeptics. There have been a number of tests, for example, of dowsing—using protocols that dowsers have agreed to. There is a group of British dowsers, I think if they didn’t find water there is something seriously wrong here. But dousers claim that they do have a real phenomenon that they are expressing, that they can find water using forked sticks or other devices. And they claim also that there is some sort of power or force that goes from the water or the mineral, whatever it is they’re trying to dowse for, through the stick, into them, and makes the stick bend of its own accord. Okay, you can test this. You can set up protocols to see whether there is “there-there.” And of course, the first thing you need to do is test whether they can actually find water and secondarily, if they actually can find water, then you search for the mechanism. So first of all you test the phenomenon, the claim. 

The Australian skeptics have been quite good at this. They’ve done a number of tests on dousers, and if you go to the Web site, skeptics.com.au, for Australia, you can find how they did this and they have some wonderful videos out. And basically, they set up a control test. They set up a double-blind test and—we don’t really have time to go into details—indeed, the dousers performed only as expected by chance. But when this happened, which we would have all predicted, the dousers made excuses. A common excuse is, “Well, it just wasn’t working today,” even though in advance they had agreed that using these protocols they could indeed find water. This is very similar to explanations given by remote viewing proponents or ESP proponents, psi—P-S-I, “Psi is shy,” this is a common refrain that you hear from pseudoscience proponents. Now, the implication of this “psi is shy” approach is disturbing. It implies the explanation is not truly natural. And in my view, if the explanation is not natural, if this mechanism you’re talking about isn’t natural, it can’t be tested. 

This brings us to another aspect of science that I’d like to talk about with you. Science is a limited way of knowing. It’s limited in two ways. It’s limited to explaining just the natural world because we’re not trying to explain supernatural phenomena. And we have to limit ourselves to using only natural phenomena–being matter and energy and their interaction. Only material phenomena can be tested because a very important aspect of testing, of course, is holding constant certain variables. You can only hold constant material variables. You cannot hold constant omnipotent powers or non-material forces. 

When proponents of extraordinary claims excused the lack of positive results because of the shyness of the phenomenon, we may also be dealing with another violation of how we practice science, the refusal to change your explanation in the face of disconfirming data, something we all have to deal with in science. As Thomas Huxley said, “A beautiful theory slain by an ugly fact.” And we actually do this. I mean, science is an open way of knowing, we do actually change our explanations. A particular strain of fungus was thought to have caused the Irish potato famine and it turned out to be not that strain and one of the people working on this said, “Gina’s right, I was wrong.” We actually do say, “I’m wrong, somebody else was right.” You know, the press doesn’t tend to cover this as much because it’s not quite as good a story. And a paleontologist, Doug Erwin, said, of the new findings, “I hope they’re right because life will be more interesting for the next 10 or 20 years if they are. We’ll have to re-examine a lot of assumptions.” 

This doesn’t sound very dogmatic, right? If somebody comes up with some observations or some other way of looking at the data that would make us seriously rethink whether living things had common ancestors, that would be really fascinating because we’d have a heck of a lot of stuff that evolution currently explains that we’ll now have to find a new explanation for. This is not a scary thought to scientists.

But the idea of science as this open-ended way of knowing, as a changing set of explanations, is something that the public does not understand very well at all. One my physical anthropology colleagues, Matt Cartmill from Duke University, was asked a number of years ago, “Why did you get into science?” And I think his answer typifies very well how we think about this. He said, “As an adolescent I aspired to lasting fame, I craved factual certainty, and I thirsted for a meaningful vision of human life so I became a scientist. This is like becoming an archbishop so you can meet girls.” I get all my best lines from other people.

So where does intelligent design fit into all of this, because I was asked to talk about intelligent design. Well, I need to tell you just a little bit about intelligent design but it won’t take long because the scientific aspect of intelligent design is remarkably thin. Intelligent design consists of two ideas. Michael Behe’s concept of irreducible complexity, expressed in his book Darwin’s Black Box, and William Dembski’s concept of the design inference. These basically are two sides of the same coin. 

Let me tell you a little bit about irreducible complexity first. The idea of irreducible complexity is the idea that some very complicated structures express a characteristic of irreducible complexity, at least on the molecular level. And irreducible complexity is the idea that all the parts of a structure have to be together at one time before this structure will function. So if you have a forty-part bacterial flagellum and you take away one little protein, you have a bacterium that’s dead in the water, literally. It can’t move. So a bacteria flagellum is irreducibly complex. And because all of the parts have to be together at the same time, you can’t produce this complex structure through the incremental nature of natural selection, in which every single protein would have to have a selective advantage, put together like beads on a string. So irreducible complexity cannot be explained through incremental natural selection; therefore, they say it cannot have evolved; therefore, irreducible complexity is evidence for design. And by “design,” they mean creation--let’s call a spade a spade here.  
Dembski’s explanatory filter is pretty much the same idea. If you’re trying to explain an event, first of all you look to see if there is a high probability of this event occurring. The phases of the moon change every month, that’s a high probability event. You attribute the phases of the moon to natural cause, you don’t attribute it to any sort of special phenomenon. So you just stop here if an event is high probability. If it’s intermediate or low probability, unspecified low probability, then you just attribute it to chance. Specification is some sort of side information that you have that makes the prediction less specific. I’m running out of time here, so I’m getting really worried about this.  If it’s specified low probability, then that’s your evidence for design. 

Basically what we have with both irreducible complexity and the design inference is what a judge once referred to as a “contrived dualism.” If you disprove evolution, you have proven creationism. In this case, if you disprove evolution, you prove intelligent design. It’s the same old argument, old wine in new bottles. Both irreducible complexity and the design inference are explanations that succeed because others fail. They are true by elimination of alternatives. If natural selection can’t make a flagellum then the intelligent designer had to do it. There is no positive model in intelligent design. And some intelligent-design proponents have recognized that this is not very good science. As Paul Nelson has said, “There’s something deeply dissatisfying about establishing the bona fides of one theory by debunking another. Intelligent design simply must put novel predictions of its own on the blackboard.” Amen.

ID makes no predictions that are testable, no information on who the designer is, what the designer did, when the designer did it, what the designer used to do it with, why the designer did it one way rather than some other way. It’s not a real model at all. It’s basically, if evolution is wrong, we win. You can see how difficult it is to have a science when your main organizing principle is “science can’t answer these questions.” And ultimately, intelligent design depends upon supernatural intervention. Although they try to disguise the identity of the intelligent designer, it’s pretty clear that the designer has to be God. A wonderful quote from a newspaper article quoting the former PR guy for the Discovery Institute, Mark Edwards, said, “Most people affiliated with the institute believe the designer is God, but a person could logically argue that some sort of human has been able to design features of life working through time travel. And some people say aliens are the designer.” Right. 

I must also say a word about the failure of ID to be self-critical and to alter its explanations in light of information that refutes it. There’s no problem with defending your theory, we all do that. By the way, you notice I went through this whole talk without using the T-word once. I can talk for weeks without mentioning theory because then I have to define it. But we know what a theory is, it’s an explanation. ID proponents like Steve Meyer often claim that new genes can’t evolve, yet there’s a whole subdivision of biology looking at the evolution of new genes and it is simply not difficult to find literature explaining this, and there are many, many well accepted procedures such as exon shuffling, duplication, and so forth and so on. This is not anything that is unknown to science. 

So pseudosciences and creationism or ID fail for a  number of reasons, the most important of which are that they cannot be tested for various reasons and that ultimately they rely on non-material forces, either mystical ones, for most pseudosciences or supernatural ones for intelligent design and other forms of creationism. Proponents of pseudoscience and ID also do not change their explanations in the light of refutation. After being exposed to examples of creation science, the judge in McLean v. Arkansas, 1981—I  guess I am talking about legal stuff, aren’t I—concluded that creation science was not science, for the very reasons I have been talking about. And I think he explained this quite well. “The creationist methods do not take data, weigh it against the opposing scientific data, and thereafter reach the conclusions stated in the bill. Instead they take the book of Genesis and attempt to find scientific support for it. A scientific theory must be tentative and always subject to revision or abandonment in light of facts that are inconsistent with or falsify the theory.” And he also wrote, “Persons cannot properly describe the methodology used as scientific if they start with a conclusion and refuse to change it, regardless of the evidence developed during the course of the investigation.” 

Couldn’t have said it better ourselves. This is a judge that got it. More information on legal aspects can be found at www.ncseweb.org. We have a page called “Evolution, Education, and the Law.” Information on Kitzmiller v. Dover and other cases are found there. If you also go to the newsroom page, you find this very depressing archive and you can search for what goes on in a particular year. If you want to see what happened in Ohio you can sort for specific states of interest. And if you go to the resources section you can find more information on creationism and intelligent design. And by the way, did I mention it’s a membership organization? You can join. Thank you so much. 

This is a record. I don’t think I’ve ever finished on time.

Audience
You were talking about the levels of the three ways of knowing, and you talked about science, personal insight, and authority. I’m a biology professor at a small women’s college in North Carolina, Bennett College. And I find that my students, general public, anyone who wants to talk to me about science, are very prone to take scientists as authority figures, hence pulling two of your three ways of knowing together, and that they are extremely uncomfortable with the falsifiability of science and that science can be wrong. So could you please address that kind of perception?

Eugenie Scott
I think that perception comes from the way we teach science. And this is not just K-12, this is also how science is largely taught at the university level, which is as a series of conclusions. If you don’t teach science as a process of how we know, then students will naturally figure, you know, we know everything and what do you mean we might be wrong? This is disturbing and there are probably psychological reasons as well, but we’ve reinforced this, unfortunately, by how we teach science. 

And you know, multifactorial problems have multifactorial solutions. This isn’t something that’s easily solved, because there are lots of pressures both at the high school or college level to learn as much stuff as possible so you can do well on the MCATs. So the parents lean on a high school teacher, if a high school teacher covers less stuff in order to cover things in depth or in order to spend more time on how we know. I think one way of getting around this is to use narrative—we learn best by narrative anyway. A story always works better than a listing of facts. And to talk about the history of your discipline, because the history of a discipline is full of two steps forward, one step to the side, half a step back, a lurch forward again. And you can show students how scientists who were working very hard to answer questions about nature did have to, you know, this is a process of discovery, and it’s okay. It’s not like all those people are bad and wrong and we’re so much more wonderful today. 

And the big thing is to just keep reinforcing this idea of science as a way of knowing that asks questions about nature and tests those explanations against the natural world. And yes, indeed, two steps forward and a half step back and a lurch to the side is kind of how science works. 

Audience
Hi. My name is Janice Koch, I’m a professor of science education and president of the Association for Science Teacher Education. As we travel the country, we’re acutely aware and in constant dialogue with our biology teachers at the high school level who are under pressure in various parts of the country, currently most specifically in the southeast, not to teach evolution. So it hasn’t reached the kind of  public forum that would propel it into the courts in particular localities and districts. And so what I’m wondering is what the National Center for Science Education is doing to support the high school teachers who are really intimidated by the local culture, the local parental and district pressure, and are sort of under the radar. 

Eugenie Scott
We are a very small organization. Don’t be fooled by our name. Our name sounds like we’re taking over tomorrow, but that’s because the founders of the organization back in the early eighties didn’t want to have an organization called the National Center for Bashing Creationists. I mean, they call it the National Center for Science Education because they thought that scientists and teachers working together was this great wonderful combination and after we solve the creationism problem, then we can go on to do other things. But here we are still up to our nostrils in creationism. So we really are unable to solve the problems of science education. Gerry Wheeler is speaking next, he’s the director of the National Science Teacher’s Association. They do have more programs. We work with them, we help them. 

Mostly what we do is we work at the grassroots level helping citizens, including teachers, scientists, citizens, members of the clergy, anybody in a community, parents, who are trying to keep evolution in the schools and keep creationism of various sorts out of the science class. Comparative religion is a great idea, but it’s not science. We don’t need to do this. And as such, we are this sort of funny combination of an activist and a scholarly organization. I’m a recovering college professor, most of my board members are academics. So we do look at this as a scholarly enterprise, but we are an activist organization. We’re out there handing out the fire extinguishers, basically. We’re too small to go down and solve people’s problems, but we provide very good information at that Web site and also through counseling. 

I talked about a legal case, and yes, NCSE was an advisor for the plaintiffs in Kitzmiller  . Dover, but we try to avoid those. We feel if you have to go to trial, you’ve failed; you’ve failed to solve this politically. And this is a political problem and it has to be solved by knowledgeable people at the grassroots level. So we provide that knowledge and we provide that advice. And part of this is finding people in the community like scientists and parents who will support teachers. But you know, you have put your finger on a very important issue which is the self-censorship of many K-12 teachers, mostly it’s really junior high and high school, about evolution. And you can’t blame them. I mean, if their administrators are not going to back them, if their administrators hang them out to dry when Mrs. Brown comes to complain about you having taught Little Jimmy evolution, what teacher is going to want to put up with that? So it’s a multifactorial problem with multifactorial solutions. We are a small part of it, but everybody can play a role in solving this problem.

Philip Sadler
One more question.

Audience
I’m Tom Zinnen from the University of Wisconsin. When I start teacher workshops I ask two questions. What is science and how is science different from other ways of knowing, which is very similar to your egg up here. And we get fifteen, twenty, or twenty-five ways of knowing and ways that people make decisions. Another question I ask, though, is how many of the teachers have ever taken a course in epistemology, and that’s a really low number. What opportunities do you see for including epistemology in the training of teachers and in their retraining in addition to getting middle school and high school teachers more attuned to the phenomena and the processes of science, but also the epistemological basis for it, which as you point out, distinguishes science from other ways of knowing?
Eugenie Scott

There are overlaps, obviously, among the ways of knowing.  Okay, question, ladies and gentlemen, how many of you teach at the university level? Go ahead, I won’t call on you, I’m just… come on, raise your hands, how many of you teach at the university level? That’s quite a few people here.  It’s all your fault. By which I mean that if a high school teacher does not understand enough about the nature of science to teach it well, this is the fault of the arts and science instructors. This is not the fault of the school of education, because teachers get their knowledge of science from people like us and we are dropping the ball. Many of us think we have solved the problem because we do “the unit” on sciences as a way of knowing at the beginning of the class. And the students dutifully write down, “Science is observational, science is experimental, science is repeatable, science is….” They write it all down and they give it back to you on the test and then it’s gone from their brains. 

What you need to do is, yeah, go through the little seventh grade science thing at the beginning of the class, but then you need to reinforce that thinking every single week. You need to refer to your scientific, whatever your topic is, the discoveries made within your field, the understandings of nature that we have from your field, you need to refer to those as works in progress. “And here’s how we found out about cell-membrane permeability….” “Here’s why we think it’s this way…”  And by reinforcing the idea that science is an active, growing way of understanding nature and has a method, you are going to be doing a great deal to help those teachers who right now are pretty shaky on this.  

It is useful I think to at least bring out other ways of knowing as a way of contrast. That I think you can do in the beginning of the class, but what I would really like to see is the constant reinforcement of science as a way of knowing throughout the class. And also, by the way, those of you who are in biology, geology, and astronomy, but especially biology, you need to do the same thing with evolution because those high school and middle school teachers don’t get it about evolution either. You can’t wait for “the unit” on evolution in the intro class. The first day of that intro class, you need to get across the idea to students that the concept of common ancestry, that living things have common ancestors, holds biology together. That is the underlying principle that makes everything else in biology make sense. 

If you were a chemist, you would teach the periodic table and you would refer to it throughout the year. That’s what evolution is for biology. It’s our periodic table, it’s what makes it all make sense. And I would encourage you, whatever your level, whether it’s molecular, cellular, biochemistry, organismic biology, whatever, refer to evolution at least once a week. You can do it. It takes a little work, but you can do it. Think about how you can bring common ancestry into your subject matter and then we’ll get high school teachers and middle school teachers who understand how important evolution is. And they’re going to be much less likely to just skip it because it’s so critical to really making sense out of this field. Same thing for geology and astronomy, I just know more about biology. Thank you very much.

Philip Sadler
Thank you, Eugenie. I’m struck by two questions that people asked from the audience. One was about falsifiability and that science is falsifiable. I’m reminded that, I got to ask the final question at the creation science debate at Harvard, which was if Karl Popper was moderating the debate, his questions for the two sides would be, “What evidence could you imagine that would convince you you’re absolutely and totally wrong?” And the scientists said, “Well, it’s very easy. If we found a petrified copy of The New York Times in the mouth of a dinosaur fossil, we’d have to rethink everything.” Or generally, if the order turned out to be wrong, whereas the creationists who were there said, after thinking about it for a moment, “Well, that’s a really hard question because we can’t imagine any possible evidence that would convince us we’re wrong because it’s a matter of faith.” I was struck by that. 

I was also struck by the limits, Eugenie talking about the limits of science. Perhaps Richard Feynman was talking about Richard Dawkins posthumously when he said, “I believe that a scientist looking at non-scientific problems is just as dumb as the next guy.” 

Philip Sadler
Our next speaker is Gerry Wheeler. Gerry is the executive director of the National Science Teacher Association and has been for a very long time. How long? Fifteen years?

Gerry Wheeler

 Fifteen years, four months and three days.

Philip Sadler
Well, he heads this huge professional organization of science teachers. They have a conference every year that I go to, between fifteen-and twenty-thousand teachers together. He’s a remarkable teacher himself. He’s made a career of helping teachers with the day to day responsibilities that teaching science requires. And he’s a proponent of science being more than the teaching of facts, because Henri Poincare said, “Science is facts. Just as houses are made of stones, so is science made of facts; but a pile of stones is not a house and the collection of facts is not necessarily science.” Welcome, Gerry.

Gerald Wheeler
Thank you for this opportunity to speak on the important subject of “Closing the Gap.” I will address the role of scientists in this quest to increase science literacy among the general public.

First, I want to respond to Vice President Gore’s comment that television is an important force in our society. Of course he’s right, but there’s another “conduit” that’s shaping public opinion. As can be seen in the first slide, the role of television in shaping opinions is age dependent. For the younger public, the Internet is a more important source for their news. I learned this firsthand this past fall. The National Science Teachers Association (NSTA) was hit by a media firestorm when I refused to do a mass-distribution to NSTA members of a free DVD of the documentary An Inconvenient Truth. Regardless of the details of that issue, my point here is that other than The Washington Post op-ed that launched the crisis, “the story” didn’t hit the mass media for about three weeks. The Internet, however, was burning up with blogs and e-mails. During those three weeks, literally thousands of e-mails came to me directly, expressing (in most cases) extreme displeasure with my decision. There was no room for a dialogue. Stories are increasingly being spread by people talking (reading) from like-minded people. In those situations the reader assumes that everything that is printed in his/her favorite blog is true. Contrary points of view or calls for reasoned dialogue have no currency. So while the Internet can be an interactive medium (there’s a lot of talk about “communities of learners”) in truth too often we have communities of like-minded people supporting pre-established point of views.

This is all new territory to me so I’m not sure how we need to incorporate the ubiquitous information highway into our communication strategies.  But, it’s clear we need to. 

For this presentation, I will focus on television and its role in communicating about science with the public. 

After graduate school, I was an untenured physicist at Temple University. Many of you probably remember that phase in professorial life: Seriously planning your research, attending to your teaching activities, and using the remaining time on committee service.   I did those things but I was also drawn to activities my colleagues would call “distractions.” The departmental secretaries called me their “crank” physicist because they knew they could send me all the strange (sometimes crazy) calls that came to the department’s main phone line. They knew I’d at least talk to the caller and patiently explain why, for example, his or her perpetual motion machine wouldn’t work.

One day, a transferred call was from an assistant producer at the CBS station in Philadelphia.  The producers were planning a late-night debate on energy sources and they wanted a nuclear physicist. I said, “I know something about energy usage but I haven’t studied the issues enough to qualify as an expert panelist.” Then just before we finished the conversation, I said, “What you really need is to have a scientist for the moderator—the TV host—to be his guide during this debate. That way, the host could say, “What’s going on?”  The assistant producer was polite but it was one of those “don’t call us, we’ll call you” kind of goodbyes. 

I learned later, that when the producer discussed our conversation with the host, he told her, “That’s a good idea, call him back.” So I became the unbiased scientist for the host. Every so often, he would say, “Well, stop, just stop.” He’d turn to me and ask, “What are they talking about?” And I’d quickly say something like, “Well, fission is … , and fusion is …”  I’d do this in two sentences. 

It must have been a success. Immediately after they finished taping that show, the show’s producer came to me and asked, “How would you like to have your own TV show?” Remember I was untenured—first year at Temple University. But, without giving it any thought I said, “Yes.” Suddenly I had a weekly TV show called “Sidewalk Science.” 
This experience launched my career in a whole new direction; one focused on the challenges of getting science to the public in a very public way. While I have done a little work with radio and print media, most of my experiences have been with television, both in front of and behind the camera.

This new professional direction presented new challenges that have stayed with me for my entire career. I’d like to share these challenges with you.

The first challenge was dealing with the push back from colleagues who saw these activities as, at best, a distraction from what I should be doing. “Sidewalk Science” was for young children and yet I always had some physicist waiting for me on Monday morning to question what I said on the Saturday broadcast. They were watching. Remember, I was untenured. One Monday morning a colleague said, “Did you know that you implied that hardness and melting temperature were correlated?” And I said, “Did I say that?” He said, “No, but you implied it.” Later, I got out the chemical handbook and graphed the relationship: It’s not a bad implication. But at that moment I just sheepishly said, “Oh, I won’t do that again.” If you’re going to get involved with engaging the public in science, you will have to be prepared for push back from colleagues. I believe they are wrong and you are right, but that doesn’t lessen the challenge.

Another challenge is knowing the audience. Unlike your colleagues or students, this audience turns off without the slightest hesitation. When presenting to the general public, you cannot assume this new audience will be automatically interested, as your students appear to be. They don’t need a grade from you and, generally, they don’t have an inherent interest in your topic. The general public has a very low “staying power.” If you don’t address this fact, you’ll lose your audience. 

Your audience comes with surprisingly little knowledge. A colleague once used a bed of nails to drum up interest in his non–science majors class. A student newspaper reporter wrote it up, with photographs, and it hit the wire service. My colleague was invited to be on To Tell the Truth. I hope everybody remembers the show: There are three people claiming to have the same professional career. One of them is telling the truth, two are frauds. The producers planned to have my colleague be the truth teller. He was a scientist who lies on a bed of nails and does all the weird kinds of things. The other two were to be the designated frauds. The charge to the panelists: Find the scientist by asking probing questions. Just before the show taping was to begin, the producers lost confidence that the panelists, or the audience, would be able to think of any questions to identify a scientist so they switched the roles. The real career would now be the owner of an animal cemetery in California. The bottom line: We live in a society that feels more comfortable spotting the owner of an animal cemetery than a scientist. 

How do we deal with this utter lack of knowledge of the basics of science―the nature of science?  How do we explain something as elementary as a topic from an introductory science class?  As previously mentioned, we can’t use our classroom behaviors.  We need to translate to communicate with the public.

Translation from the language of science to everyday talk means choosing analogies and metaphors. To some scientists that means not telling the truth. There is a “complementarity principle” in physics, the most famous one being Heisenberg’s Uncertainty Principle. A fascinating feature about nature is that many of a particle’s attributes are paired. They are very tightly coupled: I can know one very well as long as I give up the information in the other. And it has nothing to do with our stupidity or lack of technological capacity. Heisenberg’s Uncertainty Principle says I can know the position of a particle very well―as precisely as I want if I don’t care about momentum and vice versa. Metaphorically speaking there’s a “complementarity principle” in communicating science. Here it’s between truth and clarity. When communicating with the general public, you can be as truthful as you want as long as you don’t care how clear you are. And you can be as clear as you want as long as you don’t care how truthful you are. 

The tension between truth and clarity is always there. To be honest, I’ve enjoyed the creativity required to wrestle with this tension: You have to choose your analogies and your metaphors carefully, but it’s possible. For those of you that haven’t been in the London Tube, it doesn’t have colored tracks, and the tracks don’t have right angle turns. It’s a very clear map and millions of people easily go from one place to the other. But it’s not a truthful map. 

There’s one more point about audiences. When the topic is controversial, your target audience divides into groups. As seen in the next slide researcher Jon Miller shows the divisions in the evolution/intelligent-design controversy. The yellow band in the middle represents those people that aren’t sure about issues. In those cases, the folks on the extreme end of either side of a controversy are not going to hear your points. I recommend you aim at the middle group. The reason is best expressed by the late columnist, Jack Anderson. He once said there was a third of the people who would believe anything he writes, and there’s a third of people who never believe anything he writes. He said, “I’m writing for the middle third.” And I think that should be part of your strategy. 

Next, remember your expertise is in science, not media. Seek help and listen. As Dr. Gerberding stated, there is a science to communicating with the general public. Often I’ve found that scientists assume it’s trivial: They don’t need any help. When pulsars were discovered, the Arecibo scientists decided to get this out to the general public. They looked up the biggest newspaper circulation in the world. They found it and called the paper. (They should have been a little surprised it was in Miami. The PR department would have been.) The newspaper sent a reporter to Arecibo immediately. During the interview the reporter asked, “Is it possible that little green men could be trying contact us? And they laughed, yeah, yeah, sure, but no. The next week The National Enquirer headline read “Little Green Men Contact the Earth.” You have to be very, very careful not to go it alone. 

Part of that expertise that you need comes from those who know the medium. I worked on the television series, The Voyage of the Mimi.  Unless you’re old enough to have kids at that time you probably don’t remember it. This children’s series was broadcast in two 15-minute pieces, next to each other. The first piece was a drama (embarrassingly like Gilligan’s Island), but it kept the children’s attention. In season one it was about marine biologists chasing whales. Experts from the classroom had told us to keep the piece short and “chunkable” for classroom viewing. Experts in television on the team made the production interesting to our audience.

But, since we had the extra 15 minutes, the team decided to use that time to help young viewers’ media literacy. In particular, they choose to use it to help young viewers in separating fact from fiction. They wanted to address the fact that young viewers have difficulty figuring out what’s real and what isn’t real on television. Actually, adults do too: When the television show Marcus Welby, M.D. was popular, Marcus Welby, not the actor but the character, got thousands of letters each week asking for medical advice. So, the second half of The Voyage of the Mimi always had one of the actors in a mini documentary. They’d always start the piece by saying something like, “Well, my real name’s Ben. And since you saw the captain get hypothermia on today’s show, we’re going to visit the wind tunnel in Newton, Massachusetts.” It was a delightfully different concept in terms of how to help children see reality, or distinguish it, if you will, from what they see on television.

I’d like to use the current evolution/intelligent-design controversy for the context of the remaining portion of my presentation and switch my hats from a scientist communicating with the general public to a science teacher in the middle of this controversy.

The intelligent-design controversy is having a huge impact on science teaching, especially, for now, at least, on teaching the life sciences. This public controversy is taking a toll on teachers. Popular Science named the Kansas biology teacher in its infamous list of the worst jobs in science. The other job in science that made the list were the orangutan pee collector, the manure inspector, and the lab rat. 
The challenges with science teachers differ from those with scientists. Most science teachers don’t have the background knowledge they need, and they don’t have the time to get that knowledge to significantly address the controversy. Many are teaching out of field, and most are lacking the professional development opportunities. Scientists criticize the science teachers and their preparation in schools of education. But, if you ask biologists teaching these future science teachers how much they emphasize evolution as a unifying concept in undergraduate classes―that without evolution nothing makes sense in biology―you get disappointing responses. Universities are putting these future teachers in Bio 101, Physics 101, etc., and not preparing them for the biggest challenge of their careers. A survey in 2001 found that in one state “…many high school biology teachers [didn't] … recall hearing the word ‘evolution’ in their college biology courses, apparently because many biology professors do not teach evolution.” We’d go a long way toward helping science teachers do their job if we dropped some of the factoids and pushed the nature of science.

A final strategy: We should celebrate the fact that science often challenges common sense. We ought to talk about the surprises of science, creating the feeling, “Wow, that’s different than I thought it would be” in our students. Common sense is common, but it’s not always correct. Superman would have been better off just letting Lois Lane crash on the sidewalk rather than flying up and catch her. The collision of two moving bodies both going fast is much worse than one body hitting a stationary object. In chemistry we learned that highly reactive metal sodium combined with the poisonous chlorine tastes great on mashed potatoes. 

Preparing students, and future science teachers, to appreciate this expanded worldview should be one of our primary goals. It lays the groundwork for an accepting public.

Thank you very much.

Philip Sadler
Okay. Some questions for Gerry.

Audience
I wonder if you would be able to talk a little bit about why you passed on the Laurie David endorsement?
Gerald Wheeler
Oh, that’s like you asking for the little clip I should have found.  Thank you for asking. I mean that sincerely. NSTA has adopted in 2001 a non-endorsement policy. We don’t endorse anything, even from the Academy of Science. We don’t. And so I interpreted a mass distribution of that video to our members without their asking for it as an endorsement. And I talked to Ms. David about it, and I said, you know, “We can, I mean, the teachers should know about it. Global warming or climate change, whatever your flavor is, they need to know this. It’s an extremely important concept.” And I said, “We can do this, this, and this, and that’ll get the word out. But you have to distribute it, not we.” And she said, “No, I want it to go out in NSTA’s envelope with NSTA’s logo on it.” And I said, “It’s not going to happen.” And so that’s pretty much it. 

Now in her op-ed she said that, you know, “Well they’re in bed with Exxon Mobil, American Petroleum Institute.” First of all, we don’t have any relationship with the American Petroleum Institute. We do have a relationship with Exxon Mobil. And I came back and said, “I’m not ashamed of our relationships with corporate America, the oil companies or whatever else. What we’re very careful of is that none of their messages get into our products. Every single thing we do, the NSTA does it, the NSTA decides the content. Shell Oil, for example, sponsors scientists to come to our conferences that Phil talked about. And we identify the scientists who are coming. In fact, one of them is on global warming, in St. Louis at the end of March. We identify the scientists, we write the letter of introduction, we pay them, with Shell money, but we pay them, they come, we host them, etcetera. That’s an example of a relationship we have with corporate America. 

The Augustine Report, and all the other reports that are coming out of D.C. etcetera, are talking about how, if we’re going to solve the science, math, engineering, technology problem that we have in this country, we need all the stakeholders. And so I’m not ashamed of that. For those that care, on our Web site is a whole list of frequently asked questions that we tried to address with all these questions. But about sixteen percent of our budget is from outside sources. About three percent is from what you would call the energy companies. But I hope I answered you. Feel free also to come back and e-mail with me. I’m a great e-mailer and can answer even more questions about that.

Audience
Jenny Gutbezahl from the Program Evaluation and Research Group. I wanted to talk about your comment about the MCAS.

Gerald Wheeler
About the what?

Audience
The test and the national standards. I work in educational research and I see a lot of teachers struggling desperately to try to sneak in a little bit of thought amongst all the facts they have to teach. And now with the change in technology that both Gore and Jackson were talking about yesterday, all the facts you could want—accurate or, inaccurate—are available on the Internet. And I think it’s more important to teach our students about how to think about what’s true and what’s not true. And I was wondering about your thoughts of how we can encourage that to happen in the classroom more.

Gerald Wheeler
It may be my age, but I’m beginning to think I don’t have a good idea of how we could do that. When I was 35, I thought I could really conquer the world if I had the power. And now I believe if I have the power, I still can’t do it. I don’t know how to do that because we’ve set ourselves up as a nation with this No Child Left Behind.  Some different things in it make sense. But the devil’s in the details, and we’ve got to the stage now where we’re teaching to the test. It’s a summative test.  For those of you who are not in education, that means it’s given at the end, as opposed to formative, along the way, to try to figure out what the child understands or doesn’t understand so you can help him or her. It’s not that kind, it’s at the end. And we’re getting to a situation where we’re teaching to the test and that’s all that counts. And now we’re going to start broadcasting the scores of which schools did poorly, and boy, we know what we’re going to do with them, we’re going to give them fewer resources. So we’re in trouble with testing.  

We have, at NSTA, lots of e-mails from elementary teachers saying that the principals have come into their classroom, literally, come into their classroom saying, “Stop teaching science, stop teaching science right now. Get back to math and reading.” And that’s the kind of pressures that the elementary, middle, and high school teachers are feeling right now. This next year when we start doing science assessment, doing No Child Left Behind, it’s going to get worse. And you know, because of the economics of large-scale testing, and maybe Dr. Jackson’s comment about technology might play here, but because of that, we’re going to be bound by just testing, you know, fill in the little bubbles about the facts. Newton’s Second Law is F=ma2, you know, whatever, as opposed to the nature of science, which all of us here I think really agree is the most important thing that a young child should deal with.

Audience
My name is Meredith Knight and I work at the Museum of Science, and I thought—I’m back here. One thing I notice is a common theme that’s come along and something that I’ve thought a lot about as both a parent who talks to other parents who say, “Oh, I’m not a science person.” Maybe everybody here has talked to somebody who says, “Oh, I’m just not a science person.” I personally think that people confuse science with a vocabulary lesson. They think it’s all vocabulary, they think it has to do with fact, fact, fact, and what I view as science, and I think if we were able to communicate this somehow to the general public as well as to our students, that science is a way of connecting the dots. It’s a way of looking at soap bubbles, milk bubbles, and bubbles in water, and figuring out how come soap bubbles last for a long time and bubbles in water don’t?. And there’s this common theme that we can use to look across different phenomena and connect those dots.
One of the things that I do is go into my son’s daycare and  talk to two- to four-year olds about science. And I talked to them once about caterpillars and butterflies. I didn’t ever use the word “metamorphosis” because I think we get caught up in the vocabulary that intimidates people when really, I said, “Imagine this, when you grow up, are you going to have wings? Do your parents have wings? Now think about how a caterpillar moves and think about how a butterfly moves, think of that amazing great change that a caterpillar goes through to become an adult.” And this idea of getting away from the definitions and towards more of the process, towards the connecting of the dots, I think it’s essential for us to do that, not only to the children we’re teaching but to the parents of the children we’re teaching.  And so my question for you, Gerry, how do we do that?

Gerald Wheeler
Remember, I’m 65 years old. Let me first back up and say that I completely agree with you that the parents are the biggest problem we have right now. And my message to the parents is, “Don’t let your past affect your child’s future.” There are way too many parents that say, “Boy, I wasn’t any good in that and look at me, I’m all right.” Well, the reality is it’s a whole new world and I completely agree with you about the idea that science is not the vocabulary words but it’s looking, it’s wondering, and it’s asking questions. 

And I think one of our tragedies in the country is a lot of elementary teachers who also, like parents, say they don’t like science, actually don’t realize that what we want them to do in the grades K-4 is really very easy to do. It’s not rocket science. We want to have them do these things, and we want parents to do these things. I.I. Rabi was a Nobel Laureate in physics and there was a biography written about him, by John Rigden, and in it, Rabi tells Rigden that when he was a little boy and he came home, parents used to always ask their kids, “Did you give any good answers?” or something. His mother always said, “Did you ask any good questions today, Isadore?” And I think we need parents to be even more engaged from that point of view. They need to be engaged in looking at soap bubbles. They need to be engaged in having conversation. When I tried that with my son at dinner time, he just said, “Oh, Dad.” But he was 13 at the time when I first read the biography. So.

I don’t know how to answer that, but I think that we’ve got to get out to the parents that their past is poisoning their child’s future. We’ve got to move beyond that thing. And then we’ve got to show them a way to get involved. We’ve got to do something there to help them. But again, the good news is it’s not rocket science. They don’t have to be scientists to take that role on. They have to be good crap detectors, they have to be good soap-bubble watchers, they have to be engaged with, let’s bring out some pots and pans and what the hell, let’s make a mess. They’ve got to do those kinds of things. They’ve got to take the time. I mean, Vice President Gore talked about four and a half hours of watching television which is not exactly an interactive family moment for raising a crap-detecting young adult. So thank you very much.

Philip Sadler
Thank you, Gerry.  

Audience

My name is Neil Glickstein and I’m a high school science teacher and I do some teacher training at a local college.  Besides the whole issue of accountability that’s come down with these standardized tests that both professors and schools of education and high school teachers are dealing with, I’m finding that there’s another dichotomy developing. I listen to Dr. Jackson talk about the need for numerical skills and quantification and the emphasis on doing that, and we heard some suggestion today about using narrative. And it seems that there’s a reductionist and a holistic approach here and I was wondering if someone might comment on how to integrate them and where you think the focus is headed.
Philip Sadler
Gerry.

Gerald Wheeler
I’ll take a quick stab and it, and I’m sorry, I keep saying the same thing. It’s a very challenging problem and I don’t know a quick answer. But there’s a group called Partners for 21st Century Schools that has done a nice job, I think, of kind of mapping out what the young adult needs to have after twelve years of education. But their board of directors kind of came back to them, and I’m being a little glib here, but they basically said, “Where’s the beef? Where does the science, the math, the social studies…” And so we formed a bit of a partnership, and we’re meeting actually in Berkeley in about a month to kind of look at the science standards, look at this 21st Century Schools, and see how, within science, how do we satisfy that, how do we satisfy the critical thinking, the communication, etcetera, etcetera. And that’s the first promising move forward that I’ve seen. Now from our side, you know, I’ve got people in science who say, “Oh, well, we can’t, we don’t have enough time.” Well, the fact is, we could get rid of a lot of things we’re doing. It is true that the standards, it would take 23 years, somebody estimated, to do all the standards. 

Eugenie Scott
Especially in California.

Gerald Wheeler
Yeah, especially California, right. I’m not answering your question, but I think that’s the move in the right direction. There is a very nice set of standards about what, at least I as a parent, as a citizen, would love to have a young twenty-year-old possess. And then I’ve got to figure out how do I bring science in, and NCTM has to figure out how do we bring in math and the social studies, you know, that kind of thing.

Lawrence Krauss
Let me just add one thing. It always amazes me, this standards stuff, because when I teach at a university I assume the students come in knowing nothing. It’s usually a pretty good approximation. And I think the same is true that secondary schools assume the kids haven’t learned it in middle school, middle school teachers assume the kids haven’t—I just wanted them to know how to think. And the facts are really not as important. And we’re so fixated on that and we think that students come out with all this factual knowledge, and I don’t think they do. And I think the thing they really need to do is learn how to think.

Eugenie Scott
I was at a conference yesterday and talked to a member of the audience who is in medical school education and he told me something that I didn’t realize, which I found very heartening. He said that the tendency in at least the top medical schools these days is to reduce the amount of factual knowledge that they required their medical students to be amassing and to concentrate more on how do you think, how do you solve problems, how do you diagnose. This would be wonderful if this were the case. And I don’t know about other professional schools really, I don’t know whether engineering colleges are doing the same thing. But if that were the case, there could be a very powerful trickle down.

Gerald Wheeler

 It’s really a policy issue, and we’ve got to figure out a way to get the policies changed to do that. Accountability is not going to go away, and some of it’s not bad. It’s a little bit like No Child Left Behind. If you look at it from thirty thousand feet, it’s not a bad thing, it’s when you finally get down closer. But we’ve got to get the policy switched around so that we move beyond this factoid testing, fill in the bubbles, etcetera. 

Audience
I’m Carol Howard and I’m a science writer, and we’re doing a lot of bashing and pooh-poohing of the pseudoscience and I just, I’ve found myself wondering if we also need to find ways to address what the pseudoscience does give to people. It’s been around a long time. I mean, astrology has been around for thousands of years. And do we need to incorporate that in some way, too?

Lawrence Krauss
 Well, it’s a good point I think in one sense. We have to address it by saying in some sense it’s what science doesn’t do. Science doesn’t give meaning to life and people want meaning. And that is a real problem I think. But we have to be honest about it. In my opinion, science can make the world more exciting and more fun, but the role of science isn’t to give meaning. And I think a lot of PS is basically where people use it to confirm their own beliefs about the way they think the world should be and our job is to convince people that they should let the world convince them what it’s like. And Feynman said that many times. I mean, the easiest people to fool are ourselves. And he used to do a great example. He’d go and he’d say, you know, “You wouldn’t believe what happened to me today, you really wouldn’t believe what happened to me today.” And people would say, “What?” And he’d say, “Absolutely nothing.” Because people always attribute some significance to what happens to them when it’s usually not important. You know, you have a dream and someone breaks their leg, and the next day someone breaks their leg, you think it’s significant. But you don’t remember all of the dreams you had that were just nonsense. I think that there are things that science can’t do that PS and to some extent religion do, and we just have to recognize that science can’t fulfill those needs. And if we’re honest about it, I think we can explain then why you don’t have to pretend that science fulfills them and that’s when science becomes PS. 

Eugenie Scott
I agree completely. I think that’s a really important point. And I just want to underscore something I mentioned in my comments, which is that proponents of these PS ideas seize upon science for validation. They’re not really interested in science, they’re not really interested in walking the walk. But as a very powerful cultural institution, science will give them credibility. So they claim that they are doing scientific investigations to prove ESP, say, or remote viewing. But their hearts really aren’t in it because they have this other goal, as you described very clearly.

Audience
I think it’s wonderful to discuss all of these questions of the nature of science and how to teach it better, but I’ve got the feeling that we’re not coming to the core of the problem and that is, How do we change belief systems that are ingrained in people’s nature? And historically there has been some evidence that, for example, the shift from the geocentric to the heliocentric system has taken two thousand years, and it needed a scientific revolution for this change in attitude. And the question I have is, What do we or can we as individuals, as teachers, as politicians do to change people’s belief systems that are so deeply ingrained? And to do that, part of the answer is the education system, to educate educators, to educate educators who educate educators. How do we, what plans do we have for that to actually change the way science is being taught and to change the way of how to change people’s minds? 
Lawrence Kraus
Well, I’m going to jump in. It would give me a chance to show that clip, but I’m not going to show the clip because it’s going to be too long and we don’t have enough time. But—well, you can watch it after. 

First of all, I think to some extent we’ve got to give up the idea that we can change some fundamental beliefs. You know, I just was at a meeting called Beyond Belief in San Diego where I was the moderator which is unusual. It was all based on how can we convince people that God is nonsense. And just give up, okay, it’s not going to happen. Not going to happen. Just give up. That’s not important. What’s important is to explain to people the world the way it is, and I try to illustrate, and I think the only way to really get people to change their mind is to confront a belief that’s incorrect. As I say to some people, you know, pedagogically, someone’s not going to listen to you if you say, “You know what, you’re stupid. Now let me explain why.” But if you get them to confront their own misconceptions, then they’ll remember it. In a physics class, I can talk about Galileo until everyone turns blue but no one’s going to remember it. But if I, you know, I’ve done this for presidents of the United States and other people. If I just say, “Which is going to fall faster? A piece of paper or a cup or a book?” And of course, I drop them and the book falls first. And then I say, “Why?” And they say, “The paper is lighter.”  And then I crunch up the paper and drop them again and they both fall at the same time. And they then remember it. Okay, and I think the only way is to get them to discover and confront their own misconceptions. But I think, in terms of changing fundamental beliefs, it’s extremely difficult.

Audience
These are just the little details. I’m sorry for interrupting. These are just the little details. The question I had was actually more fundamental, which is, it needed a scientific revolution for us to figure out what goes around what, whether the Earth or the Sun goes around each other. And the question I have is what type of revolution, what type of change in attitude do we need to have on a global level for science to become more important in people’s lives?

Connie Bertka
I was going to offer an easy answer and then…  What struck me about your question, and it’s something I’ve run up against a lot in my work and, you know, this is going to be a long haul. There’s nothing that’s going to turn that over overnight. But, you know, when you use the word “belief systems,” for me that’s so, I just have to start and think can you tell me a particular belief and I’ll think about that and where we can go from there. But one thing about belief systems if we’re referring to them as religious traditions—religious traditions change. And that’s not how we learn them, we grow up thinking that this is the way it’s been, this is the way it’s always been, end of story. But in reality, that’s not true. Religious traditions do change, beliefs change, and I love Genie’s slide with the egg showing where religion fits into all these different ways of knowing, and that’s why I think it’s important to recognize that science does matter, not in the same way to all religious traditions, but there is a place for the scientific voice to be heard, just be careful how we deliver it. 

But this is not going to happen overnight. And I think it’s been particularly striking to me. I had an opportunity to, I was invited to Wheaton College to talk to science faculty there and I began by talking a little bit about the douser program. And I came away from that just, “Boy, these folks are between a rock and a hard place. They make what I do on a daily basis look like a cakewalk.” They come in with students who are often hostile to science or think it’s irrelevant and they turn that around. Part of the way they do it is through their general education requirement. No student leaves Wheaton College without taking a course in science. 

And they’re actually doing a lot of work to track how their students’ attitudes toward science are changing through their experience at the college. And just to put it in a nutshell, they shared some stories with me. A lot of the students who go there are specifically looking for ways to live out their belief systems in the larger world, and they walk into the building thinking that science could possibly have nothing to do to help them do that, and by the time they leave, they realize that a lot of the changes that need to take place in the world to—they would use the word “heal” it—are going to take place through science. And so maybe they better learn about science and possibly become a scientist—that that can be a way to heal the world. 

Audience
I’m Barbara Hyde with the American Society for Microbiology. Last year Francis Collins, the head of the Human Genome Project at NIH, published a book that chronicled his development as a scientist with the development of his very deeply held Christian faith. I’d like to get some reaction to that from the panel. The book had a two-or three-week blip on the best-seller list. Do we need more of this? Has the book had an impact? What do you think?

Philip Sadler
This is the last question here.

Lawrence Krauss
Well, I actually wasn’t very happy with that book, personally. I got the sense that the message was that it wasn’t so personal, that science itself demonstrated the existence of God, and it certainly did for him. But I think as an example that for some people it can demonstrate the existence of God is a good thing, but I worry about the inference that people get, that since they see scientists say that nature is designed, it really is evidence for God. And the point is that you can look at one and the same thing and see evidence for God or evidence against God. And I think that’s what we have to point out, that the scientists don’t have any monopoly on knowledge of God or no knowledge of God. They’re just as ignorant as everyone else. 

And that was my example of Lemaitre, which maybe I will indulge and give you. Lemaitre was a Belgian physicist and priest and he was the first one to realize that there was a big bang, that Einstein’s equations predicted a big bang. Well, Einstein didn’t believe it and derided him, as Einstein used to do in many cases, he was quite close-minded in many cases. But eventually he came around. But when Lemaitre developed this and realized, “Hey, there’s a big bang,” Pope Pius said in a letter, in a public letter, “Science has proved Genesis.” And what did Lemaitre do? He wrote a letter back to the Pope and said, “Stop saying that. This is a scientific theory; it makes predictions, and what you take from it is based on your metaphysical background. You can take it to provide proof of Genesis or you can take it to mean there’s no God. Look, the equations take you right back to the beginning. What you take from it is your religious or metaphysical belief, but the science doesn’t care. The science is either true or false.” And I think that’s the important message we should be giving. And so I wasn’t any more enthused with that then I was with Richard Dawkins’s book from the opposite side.

Connie Bertka

In hearing you speak, I don’t remember—I read the book as well and I thought somewhere he made that point as well. 

Lawrence Krauss
Well, he made it, but the impression you get is what I’m talking about. 

Connie Bertka
Okay. So I’ll talk about impressions, too, and why the one he’s giving with that book I would applaud and welcome more work in that area. People are—and Genie can speak to this from personal experience more than I can—I think people are really afraid that scientists or science, we’re going to take their children and we’re going to turn them into atheists. And there’s actually a plot out there on our part to do this. That may sound ridiculous to us, but we have to recognize that this is an impression that they’re walking around with. So if you have someone like Francis Collins who’s a well known scientist stand up and speak about his own religious faith, that is very helpful to do something about that misplaced perception.

Lawrence Krauss
By the way, it’s not so, I mean, people don’t get that vague notion, they’re told that in churches around the country, that to believe in evolution you have to be an atheist, to believe in science you have to be an atheist.

Connie Bertka
Not in all churches.

Lawrence Krauss
No, but in a lot. At Wheaton College where I spoke I think the biggest impact I had was to say, “You don’t have to be an atheist to believe in evolution.” And this kid came up and said, “I’ve never heard that before.” 

Connie Bertka
Well, one of the issues for folks at Wheaton College, for the teachers there, and we haven’t talked about this yet and I don’t know how much connection you’ve had with these folks, but a lot of the folks at Wheaton College have come through home schooling, they’ve never been in our school system, they’re strictly coming from a home school environment, so it wouldn’t surprise me that that’s the overwhelming message that they heard at home and in their schools. And then we also know that some of us go around delivering that message as well, and we need to put an end to that. But again, the point is, the effort on his part to stand up and say, “Hey, this isn’t true and I’m an example of why this is not true,” I applaud. I’ve heard criticisms of his book from conservative Evangelicals as well, so the guy is getting it from both sides, but I applaud the effort and I think actually getting more religious scientists involved, and at the local level, helping their own congregations, their own ministers that they have contact with, to work on this issue, could go a long way.

Eugenie Scott
I think it’s perfectly fine for Francis Collins to say, “My understanding of science gives me warrant to say there is a God.” I think it’s perfectly fine for Richard Dawkins to say, “My understanding of science gives me warrant for saying there is no God.” Both of them and anybody else on this issue who says, “Science compels my view,” is making a real error in understanding what science is all about. And that is what I meant when I said, “Science is a limited way of knowing.” We limit science to explaining through natural cause, that’s called methodological naturalism. And it is something that we do all the time whether we are believers or whether we are non-believers. 

Gregor Mendel was a methodological naturalist, he certainly was not a philosophical naturalist, which is the view that natural cause is all there is: there is no supernatural. But many people in the public who dichotomize, who say you have to choose between science and religion, especially evolution and faith, hear from the scientific community and educators sometimes that because we can explain through natural cause, natural cause is all there is. It happens to be my personal view, it happens to be Richard Dawkins’s personal view, but where we disagree is my reluctance to accept the idea that science compels this particular conclusion. I think there’s nothing wrong, you know, the theist-atheist controversy, has gone on for a long time and it’s going to go on for a long time. But please don’t hijack science as a way of knowing into supporting your position. 

Philip Sadler
Gerry?

Gerald Wheeler
I don’t have an opinion on the Collins thing, but I want to pick up on the very last part of your question, should we get more of these people here, and I’d like to just acknowledge that in our panel we kind of fail to talk about the role of the science journalist and I apologize to the journalists in the crowd, but I’ll go back to Gerberding’s comment about science of communication and suggest that if a physicist, if Paul Revere had been a physicist, he would have gone through the streets of Boston shouting, “An arrival of the British has been noted! An arrival of the British has been noted!” We need to have help in communicating science in a way that works. Thank you.

Philip Sadler
Thank you, thank you. Well, I know on my part I’m going back to the university classroom with renewed energy to expose students to the nature of science. In my years of teaching teachers at the university, I’ve prepared over 200 new science teachers and I have to say, very few of them had had a course on the nature of science and only about twenty of the two hundred had read The Structure of Scientific Revolutions.  So I think there’s more work to be done there. So now we all have a more thorough understanding of the issues and opportunities in advocating science in our complex society. I want to thank Connie Bertka, Lawrence Krauss, Eugenie Scott, and Gerry Wheeler, and all of you for attending.
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