TALKING HEAD SCRIPT FOR LESSON: THE NATURE OF SCIENCE (THEORY BOX)

In this lesson we are going to explore the nature of science. What IS science and what do we want our students of science to know about it?
As teachers of science it is rather important that we give some thought to the broad view of science as a way of knowing—a way of coming to understand the inner workings of the natural world. This goes well beyond an otherwise narrow view of Science as a collection of facts and principles that we find in our textbooks and curriculum that we expect our students to learn and remember and apply. The facts and principles are the products of science. They are the fruits of the scientific inquiries that humans have engaged in, at least in a formal sense, for centuries. 
So lets begin to examine the process of this scientific inquiry. Lets explore in a general sense at least, how we make sense of how the world works, and what is the authority, certainty, and currency of what we claim to know.

We will see the need to appreciate that science is fundamentally a human endeavour that is grounded in creativity, and that it is the controlled by the capacity and limitations, and the inspirations and biases, of the human mind. As much as science is a systematic and objective investigation of the natural world, science as we know it is a product of our history and our humanity.
In the end this leads us to a good teacher question: how might our understanding of the true nature of science direct our teacher planning and instructional strategies as we teach science to our students? 
To get us started, I am going to ask you to consider a couple of questions.

1. What is meant by a “scientific truth? and

2. How is it derived?

Share your thinking with a small group, and write a brief statement of your personal belief in your journal.
Turn this program off now and then back on when you are ready.

VIDEO OFF/ON

OK. In this next section—and it is a bit lengthy-- we will first listen to some of the ideas offered by our Canadian students around these two questions, and then we will begin to explore the nature of science in a deeper way as we investigate a very interesting metaphor for a scientific phenomenon. We call it The Black Box.

As you watch this, pay attention to how this makes you think about scientific theory. Ask yourself how we humans go about understanding the fundamental rules and principles that govern the natural world.

Video clips

Some  student comments around our two questions were interesting. The idea was raised that our investigations into the natural world arise from our curiosity -- from our burning need to know the rules and reasons for how the universe behaves. It was pointed out that we make these investigations by performing tests and then observing carefully how the universe responds. There is a hopeful assumption behind all of this that there is a rational set of laws and principles that the universe is ruled by and that we have confidence in being able to discover and ultimately to understand them. But, that in the end, our understandings are tentative and temporary, always subject to re-examination and revision as we attempt to get nearer to the truth.

And then there was the suggestion offered by one student that we just take it apart and look inside it. As we saw later, that is not really one of our options in most cases.

More about that in a moment.

As we began to investigate the Black Box as a metaphor for any natural phenomenon that we attempt to understand, we saw ourselves acting out many of these initial beliefs. We are curious, and we are driven by the belief that there is a logical and understandable answer inside the thing.
We saw how certain kinds of phenomena invite particular kinds of tests. In this case the box looked like it had an input and output, so students logically suggested we pour a measured amount of a known material (100 ml of water) into it and observe how the output compared. We noticed that the output had a slightly reduced volume (98ml) and a yellow colour.
(hold up graduated cyclinders)

This led our students to imagine a number of theoretical models to explain the behaviour of the black box. Some of these models were curiously similar, even although they were generated independently. We have seen this happen many times in the history of science. For example, oxygen was discovered simultaneously by Joseph Priestley and Antoine Lavoisier in the 18th century, and the theory of evolution of species by natural selection was posed independently by both Charles Darwin and Alfred Russel Wallace in the 19th century.
The true test of a theory is how well it works. It isn’t always easy to tell if our theory is correct, but we can be sure that if it does not predict an outcome then it can be rejected in some sense. The world will tell us what works and what doesn’t. We don’t need to have a teacher there to tell us if our theory is right or wrong. If we perform tests to poke and prod the laws of nature, the universe will tell us if we are correct and especially if we are not. As teachers, we are not the final authority that judges the accuracy of our beliefs about the laws of nature.
In research labs all over the world, when hypotheses are found not to work, scientists are forced to revise and rethink their models. And so it was with our black box. Students were asked to use their own particular models to predict the outcome if another 100 ml of water was poured through it. And when their models proved to be deficient, the student teams were compelled to revise their models.

It was interesting that subsequent revisions were either slight adjustments like adding another pipe or reservoir, or else a wholesale reconceptualization that involved discarding the original model completely and applying a whole different approach. In the second version, one goup considered chemical change as an explanation for colour change in the output liquid. Radical rethinking comes from the discomfort one feels when the outcomes are unexpected and surprising. It is only with great reluctance that new and radically different models are created. 
Science philosopher T. S. Kuhn in his book “The Structure of Scientific Revolutions”. Talked about how scientific theories changed through history. He said that theory does not always progress by steady and gradual growth and evolution, but often by a series of abrupt radical change arising from uncomfortable crises when a theory is found to not work very well. One example of such revolutionary change had to do with the notion of the transfer of heat from one place to another. Heat was long considered as a kind of material fluid that was called caloric. But that theory was eventually discarded in favour of a model involving energetic particles—what we now refer to as the kinetic molecular theory. 
Back in the 18th century, the caloric theory was considered a scientific truth that gave us the ability to explain the transfer of heat energy between materials. It was useful, had predictive power, and for the most part, it worked. Scientists agreed that it was the best explanation available. It accounted for the change in temperature of regions that absorbed or lost the caloric fluid, and could even explain why materials expanded when heated and it could even be used to deduce most of the gas laws. It worked.
Count Rumford later conducted an experiment which disproved the caloric theory, showing that by using friction by a drill to raise the temperature of a metal, there was apparently a limitless supply of caloric that was released from the metal. The heat was therefore a result of the mechanical energy of the drill rather than a caloric fluid contained in the metal.

Now the world has a new scientific truth. What was believed to be true in one era was no longer true in the next.
So here is a question for you--Can we now be absolutely certain that this new improved theory is the absolute truth?

More importantly, how would we ever know if and when we got it right? The hard message is this: there is no authority that can ever tell us if our theory is correct. 
Science is much more than a body of knowledge. Science is a verb. That is to say, it is an action—an evidence-based inquiry into the inner workings of the natural world. Its goal is to reveal the rules and principles that govern the universe.

A scientific truth, therefore, is something that the community of science agrees upon by consensus. As such, it is a profoundly human activity. Although it is grounded in rigorous testing, repeated tests, and objective logic, it only represents our best guess at any given time, and is always subject to disproof and revision.

As one of our students put it, “science is a temporary truth”.

I hope that you have found this to be of interest to you and that it gives you something to think about as you prepare your science lessons.
So, in the end, —what do we do with it?

I will suggest that, in addition to presenting the information of science, you talk about how and why we have come to believe what we do. I urge you to model for your students the experimental and testable actions of science. Show them that science results from inquiry and experimentation-- science as a product of human imagination and human history as much as critical thinking and logic.

And admit that scientific facts are a work in progress-- that our scientific thinking has evolved through history and are always subject to change.

The value of science is in its ability to ask good questions and find rational ways of testing them, as much as it is about finding good –and temporary-- answers.

To help you to digest, remember and apply the key points of this lesson, I would like you to reflect on the following set of questions. Think out loud about these with your colleagues, and then write your own thoughts in your journals.
REFLECTIVE QUESTIONS
What are the characteristics of a good theory?

It has been said that a theory can never be proved, only disproved. What does that mean?

If we are true to the metaphor of the black box representing a scientific phenomenon, then why are we not able to open the box to look inside?

Why is science included as an essential course in schooling? In other words, why do we consider it important enough for everyone to study it?

As teachers of science, does the view of science in the way that the Black Box reveals to us suggest that we do anything differently in our teaching of science? What do we do with this?
Do you think that the Black Box metaphor could be applied in any way as a model of student learning? In what way is the mind of the learner like a black box?
--------------------------------------------
THE EINSTEIN SCRIPT

(as this is being read aloud on the overhead screen, insert as a still frame in the video)

 Physical concepts are free creations of the human mind, and are not, however it may seem, uniquely determined by the external world. In our endeavor to understand reality we are somewhat like a man trying to understand the mechanism of a closed watch. He sees the face and the moving hands, even hears its ticking, but he has no way of opening the case. If he is ingenious he may form some picture of a mechanism which could be responsible for all the things he observes, but he may never be quite sure his picture is the only one which could explain his observations. He will never be able to compare his picture with the real mechanism, and he cannot even imagine the possibility or the meaning of such a comparison.

Albert Einstein

“The Evolution of Physics”

