Science and Falsifiability P.5

Science and Falsifiability

Prof. Tai Kai NG

Department of Physics, Hong Kong University of Science and Technology

Introduction

 After learning how to measure time by a clock, Kit decided to use his new knowledge to do some scientific researches. After recording the time of sunrise for 7 consecutive days, and taking into account that there are uncertainties in his measurement caused by weather, reading clock, etc., Kit proposed his theory of sunrise: 

The sun rises every morning in HK at 6:30am ( 3 minutes!


Question: Can Kit’s work be qualified as scientific research? And can K’s 

                assertion be qualified as a scientific theory? Why?

To answer this question one has to know what do a scientific research and a scientific theory mean. May be you can do a small research here. 

Ask your teachers, classmates and friends about what they think science is, tell them the above short story, and ask whether they think Kit is doing a scientific research.

(For reference you can look at the attached audio elements)

You should have gathered now a lot of opinions about what people think of what is science. But, what do scientists think? Is there a definition of science? Does science refer to a particular set of knowledge like physics, chemistry and biology? Or to a particular method of investigation? Or both? You may have identified the following criteria for scientific research:

a. The phenomenon under investigation should be identified and defined clearly. 
b. The phenomenon should be observed and measured carefully to avoid obvious errors.

c. A clearly stated theory should be proposed and explained all the observations at the time.
If you think about it, Kit’s work in fact satisfied all the above criteria! But is that enough for a “scientific theory”?

Falsifiability

To the scientific community science is distinct from other subjects by a unique character called falsifiability. We refer to Kit’s story for the explanation on falsifiability.

You may be surprised that what Kit has done qualifies as a scientific research, albeit a very primitive one. Besides satisfying the above 3 criteria, his statement about sunrise is also falsifiable – meaning that there exist criteria to show that his theory can be wrong. In the above example, Kit may find that his prediction remains right for a month or so. However, as time goes by, he will find that the time of sunrise changes significantly from his prediction, thus falsifying his theory.

The requirement of being falsifiable is a unique and very important concept in scientific research. A theory is not scientific if it is not falsifiable, or if there is no way to prove that the theory is wrong even if it is wrong. Let me give an example of ‘non-scientific’ theories: “Newton’s Law has to be wrong somewhere, although I don’t know where it is”. The statement may be right or may be wrong. However, it is impossible to prove that it is wrong because to prove that the statement is wrong, we have to show that Newton’s Law is correct everywhere (in both time and space) in our universe! This is practically impossible even if Newton’s Law is everywhere correct! The requirement of falsifiability imposes a very strict constraint on scientific theories beyond simple true and false – a scientific theory must make non-trivial predictions, something that we cannot recognize immediately as either true or false. But what it says must be testable, in the sense that there must exist a criterion which, if the theory fails the criterion, it is wrong!

How to judge whether a scientific theory is truth or false?

The concept of falsifiability often sounds “strange” to people when they see it for the first time because, naively we expect that after performing appropriate tests, we should know with certainty whether a scientific theory is truth or false. In particular, we always hope to assure that a scientific theory is right before it is applied to our technology in daily life! This is at least what is advertised on the TV. 

The problem is that this is often impossible!

Let me illustrate by considering the following simple example:

Theory: The sun rises every morning from the East!

This is a theory that originates from our daily life experience. But let’s see whether we can prove it. Well, to prove this statement we have to assure that the sun rises from east not only today, tomorrow, or one hundred years from now, but everyday as long as our universe exists! There is just no way human being can “prove” this! However, one day, if the sun does not come out from the east, we know that the statement is wrong. We don’t have to wait till the end of the universe. The bottom line is:

It is often much easier to prove that something is wrong in science, but very often impossible to prove that it is correct!

This is why the idea of falsifiability is introduced! Very often we cannot prove that a theory is correct and the only thing we can do is to try our best to test the theory by falsifying its predictions.

Is Newton’s Law a scientific theory of limited validity?

Good scientific theories are those, which makes highly nontrivial predictions and yet survived millions of tests on their validity. The validity of the theory would be questioned even if one of the tests has shown result in disagreement with theory. To see how hard it is to have a “good” scientific theory, let me take Newton’s Law as an example. Newton’s Law is the theory of force and motion of macroscopic objects. It has led to a lot of important inventions since its fundamental equations were established: including the construction of buildings, cars, airplanes, and the modeling of weather and climate. Imagine how much it is against our common sense to predict that it is possible to have tons of metal flying in the air, supported by only two wings that do not seem too large or strong. Yet airplanes are almost as common as cars nowadays! Scientists also know nowadays that Newton’s Law describes correctly only the macroscopic world. At molecular or atomic levels, Newton’s Law is replaced by a different set of physical law called Quantum Physics. Thus despite all its great success, Newton’s Law is still a scientific theory of limited validity!

Knowledge and Science
For a long time, philosophers have been struggling with the question of what is meant

by knowledge (or truth)? In particular, the argument of whether knowledge has an objective meaning is a central issue in philosophy. A popular point of view is that all human knowledge are artificial (human) constructs and all have limited historical and cultural validity. Putting in mathematical terms, all knowledge are built under a set of self-consistent human invented assumptions or logical structures which cannot be a prior justified, and knowledge built under the category of Science is no exception. In particular, it was claimed that the 'objectiveness' of Science is just an illusion and is unjustified.

In fact, Scientists agree that knowledge in Science does depend on a set of self consistent human invented assumptions as in other subjects. However, science subjects are more 'objective' than others in the sense that scientific knowledge are required to be falsifiable, i.e. in science we admit that our theory may have limited validity and we have a set of criteria to test the validity of pieces of knowledge. The requirement of falsifiability is not enforced in other systems of knowledge and marks the most important difference between science and other subjects. 

Non-scientific knowledge in our daily life

Let me give an example. We often see on TV finance commentators predicting or explaining the outcome of Stock Markets. Very often they explain that if the Stock Market rises, it's because of reason (a), if it drops, it's because of reason (b), and so on. You may be impressed by the ability of these experts to explain everything, if anything. You may believe that the conclusions drawn by these experts are supported by strong scientific analysis and thus are "scientific conclusions".

From the standpoint of falsifiability the conclusions drawn by finance commentators are often not scientific because they don't make predictions that can be falsified. The bottom line is that a theory which can only explain but not predict is not considered to be a scientific theory. 

Religion and Science

Another good counter example to science is religion (Christian for example). Unlike science where knowledge is built on "doubt" and tests of knowledge are required all the time (falsifiability), religion is built on the concept of faith or "believe". We have to have faith first before we can see and understand the beauty and truth of the knowledge behind it. This is an opposite approach to Science and the two approaches are complimentary to each other.
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Extensions (from the syllabus):
Bring out ideas: Scientific Method, Pseudo-science, Falsifiability, Predictive Power.
Warm-up discussion:
· What is science? 


Science is the study of nature (trying to understand and solve problems) according to a particular method called “scientific method”.

· What is meant by “Falsifiability”?

 

It is an essential concept in the philosophy of science. To convey the concept roughly, we can say that for an assertion to be falsifiable, it must be in principle possible to make an observation or do a physical experiment that would show the assertion to be false. For example, the assertion "All crows are black" could be falsified by observing a red crow.

· What steps are included in scientific method ?

 

Observe and Ask, Propose a theory and Predict, Test the theory, Observe and record the results, Make Conclusion, Carry out more research afterwards.

Points for Further discussion:
· Are the following statements scientific? And why?
- The moon exists only if it is observed (either by eye or equipment), when no one is observing it, it’s not there.
- The sun raises in the east in the morning.
- The sun will not going to rise in the east in the morning tomorrow. 
- You can get on the bus of exact number at 07:00 every weekdays morning. 

· Are the predictions or explanations of Stock Markets provided by finance commentators (i.e. TV, newspaper or radio) “scientific”? 

Activities:
· Use examples to illustrate the characteristics of science. Look up examples of pseudo-science (e.g. from the World Wide Web) and explain why they do not qualify as science. 

· Hold a court to justify whether the following statements are scientific statements. Five students are for the statement and five are against this. Teacher acts the judge. 
- There exists extra-terrestrial life. 
- Everything we see or touch is illusion (think about the movie Matrix). 
- It is possible to travel faster than light. 

· What are the differences between the social science subjects (Economics, psychology, etc.) and the natural science subjects? Discuss. 

· Which of the following statements are “falsifiable” ?
- Pure water always boils at [image: image4.png]100°C



.
- Light always travels in a straight line.
- The God creates the universe.
- People go to Heaven after death.
- Human inhale carbon dioxide and exhale oxygen.
- Some people have ten hands. 

· Use examples to illustrate the characteristics of science. Look up examples of pseudo-science (e.g. from the WWW) and explain why they do not qualify as science. 

· List the steps to construct a scientific theory from a topic you investigated. 

· Debate:“From the point of view of science, believing the God’s existence is more reasonable than not believing it. 

Related web sites:

	1. 
	Falsifiability – Wikipedia
The explanation of “Falsifiability”.
http://www.wikipedia.org/wiki/Falsifiability

	2. 
	Science, Pseudo-science, and Falsifiability
An article written by Karl Popper who is a famous philosopher. It talks about how to distinguish science and pseudo-science.
http://karws.gso.uri.edu/JFK/critical_thinking/
Science_pseudo_falsifiability.html

	3. 
	Science as Falsification

An article written by Karl Popper who is a famous philosopher. It talks about his work in philosophy of science and distinguishing science and pseudo-science.
http://www.freethought-web.org/ctrl/popper_falsification.html

	4. 
	科學月刊 - 2002年8月，“偽科學與膺科學” (Chinese version only)
This passage discusses the “pseudo-science”.
http://www.scimonth.com.tw/article.php?arid=228


Further readings:

· 科學人：中文版，2002年5月號，p.35-36，“隱士與狂徒”，簡介一個專講述偽科學家的作家。

· 科學人：中文版，2002年3月號，p.29，“候氣說是個騙局”，簡介中國古代測候之術「候氣說」。

· 科學月刊：2002年8月，“偽科學與膺科學”
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