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Anecdotal evidence seems to indicate that m.1ny students who have recently taken WHGC are 

unable to compose a coherent definition or explanation of the scientific method. I hope this will 

not be the case for coherent students. A comparison to the prescientific methods of the  

Greeks may be an excellent vehicle to explain our current understanding of science as a marriage 

between reason and empiricism.  

 

Junior high science classes usually present a caricature of the scientific method as 

follows:  

 

Data  Law  Hypothesis  Theory   

 

The model assumes that the scientist starts with taking data and constructs a law. A law is just an 

empirical correlation of the data without explanation. (For example, a plot of the height vs. 

weight of people would show a correlation.) The more famous laws get named after their 

discoverers (Boyle’s Law, Kepler’s Laws, etc.) Then the scientist is supposed to construct a 

hypothesis, which is a tentative explanation. (Fat people grow taller than skinny people.) Then, if 

the hypothesis correctly predicts a new observation (we locate a tall fat person or a short skinny 

person), the hypothesis is elevated to the status of a theory. The theory can be tested with new 

observations.  

  

A better model emphasizes the cyclical nature of the scientific method. There is no real starting 

point and no need for arbitrary distinctions between terms which are near synonyms:  

 

 

 

 

 

 

 

 

 

 

 

 

Here law is combined with the dam (both of these are just the “facts”), and hypothesis with 

theory (both of these are an explanation). A theory must both explain the dam and make testable 

predictions. Scientists almost never take dam at random, but are usually testing a specific theory. 

They have some expectation of what form the data will take, and sometimes even its 

approximate value. In turn, the new data will either help confirm the theory, or suggest there the 

theory may be changed to make it better. Occasionally, the dam will require complete 

abandonment of the theory in favor of some other. Note that I am making no particular 

Data Theory 



distinction between data gathered by almost purely observational sciences (like astronomy or 

paleontology) and almost purely experimental sciences (line chemistry and physics). In many 

sciences, the data are a mixture of both. 

 

Underlying Postulates of Science  

 

Science is supported on a foundation of (at least?) two unprovable postulates:  

 

1. Nature is understandable to the rational mind.  

 

This was the great breakthrough for the Greeks. (Why the Greeks were first and not other 

peoples, it is interesting to specu1ate.) The elimination of mythical or metaphysical reasons to 

explain natura1 phenomena makes science viable. The assigned readings from Hippocrates is a 

clear statement of this type of reasoning.  

Note: It is a tribute to human intelligence that ancient and prehistoric people learned so much 

about nature and developed so much technology through empiricism alone even if their 

explanations seem nonsensical to the modern mind.   

 

2. The laws of nature are everywhere the same and always constant. 

 

This postu1atc separates modern science from the Greeks. The Greeks assumed the realm of the 

heavens was composed of completely different matter (other). Also the motions of heavenly 

bodies arc perfect circles because heaven is a sphere (the perfect figure) and rotates in circular 

motion which has no beginning and no end, so is eternal. It wasn’t till the time of Galileo and 

Newton that the second postulate became a part of science. Why in the Christian West? Maybe 

because “in the beginning God created the heavens and the earth.” Once you assume that God 

created everything, it is reasonable to believe the same laws govern the whole universe. An apple 

falling from a tree is governed by the same force causing the moon to orbit the earth.  

 

How Does One Judge “Truth” in the Scientific Method?  

 

Actually, “truth” is more of a religious or philosophical term. We usually refer to the  

“accuracy” or “correctness” of the data. We assume a priori that the theory is only a model of 

reality and not reality (truth) itself. (A radical departure from Plato’s fom1s) A good theory is 

thus reliable, useful, accurate, or just the best we have until something better comes along.  

We make use of postulate #2 to evaluate the merit of our data by making replicate 

measurements. Replicate results should always give the same answer (within the limits of the 

measurement), unless an error is made. Results achieve more status if independently confiro1ed 

by a different scientist If two scientists disagree, it is assumed that (at least) one has made an 

error. Or very commonly, an unknown variable is influencing the results. Scientists never make 

the claim that the laws of nature are different between labs except in jest. 

  

The relative merits of competing theories are judged by the following criteria in order of 

importance. 

  

1. Universality. (My theory which explains facts is better than yours which only explains 8.)  



2. Accuracy. (My theory which is 85% accurate is better than yours which is only 80% accurate.)  

 

3. Simplicity. (My theory which has only 2 independent variables is better than yours which 

requires 3. Of course, someone will eventually design an experiment which will ascertain the 

necessity of the extra variable.)  

 

Features of Modern Science  

 

1. Scientists do controlled experiments. For the Greeks, observation was OK (at least for  

Aristotle, but not Plato), but actually working with one’s hands was a rather vulgar activity and 

suitable only for slaves. I bet Aristotle would be pretty skeptical of controlled experiments. By 

controlling and isolating the variables, don’t you just get any result you want?  

 

2. Science is n self-correcting process. Anyone scientist make human mistakes, but the cyclical 

and cooperative (and often competitive) process of science ensures that these errors will be 

discovered. A large fraction of the scientific literature consists of correcting, improving, or 

extending previous work. Eventually, a general consensus of opinion will accept a given body of 

data and theory as established fact and become the framework for understanding this part of 

nature. In a rarely occurring scientific revolution, the old framework is completely discarded and 

a new one established. (The “paradigm shift” of Kuhn)  

 

3. Scientists deliberately limit the focus of their study. Unlike some Greek philosophers, they 

seldom feel the need to fit their scientific observations within the context of global statements 

about justice, morality, the perfect form of government, the education of children, etc. In 

practice, scientists usually investigate a tiny portion of the known universe in isolation - maybe 

just a single breaker or single cell. The term “reductionism” refers to studying a smaller and 

smaller part of the whole. Reductionism lately seems to have received a bad connotation 

“holistic” is now fashionable), but it still has been a powerful method in studying nature.  

 

Robert Carrol has a website entitled The Skeptic’s Dictionary:  

 

(http://wheel.dcn.davis.ca.us/~btcarrol/skeptic/dictont.html)  

 

It’s a good source for information on pseudoscientific topics (ESP, UFOs, astrology, etc.), but he 

has a more philosophical document where he addresses a variety of questions. Two are listed 

below: 

  

Q. Can science answer all our questions?  

A. No. Science can only answer empirical questions.  

Q. Can science answer all empirical questions?  

A. Yes, but many of the answers will be wrong.  

 

4. Scientists are highly sensitive to sources of error in their measurements and observations. 

Sophisticated statistical methods are employed to evaluate the “goodness” of their data. The data 

is often published with error bars showing the estimated uncertainty of given measurements. Carl 



Sagan has commented about how nice it would be if other areas of human activity came with 

error bars (perhaps a politician’s speech?).  

 

5. Karl Popper’s notion of a scientific theory is that a theory must be falsifiable. That is, it must 

make testable predictions which can, in principle, be shown to be false. A theory can only be 

“true” if there is the possibility of it being false. A modem example of a nonfalsifiable or 

irrefutable hypothesis is scientific creationism. Clear fossil evidence of an Earth older than 

10,000 years is often dismissed as God’s test of our faith or Satan’s way of tempting us. Or the 

laws of nature have changed to give the appearance of an old Earth. How can you disprove 

these?  

 

6. Scientists are a pragmatic lot who make use of “operationa1 definitions” for their 

measurements. Physical quantities like length, time, mass are defined by the consensus of the 

entire scientific community in such a way that uses the best available technology (which can 

change from time to time) and minimizes ari1biguity. This allows measurements to become ever 

more precise, and allows for a more objective evaluation of a given scientist’s work by others. 

This kind of objectivity is harder to accomplish when trying to “measure” attributes like love, 

beauty, loyalty etc. These latter terms may be much more important than the more mundane 

physical quantities. However, the use of operational definitions makes possible a type of 

progress hard to achieve in the humanities. No one should claim that our modern American art is 

better than ancient Greek art. But our science is.  

  

Aristotle  

  

We should, of course, in our class discussions compare Aristotle to Plato. But remember that 

Aristotle is still a product of his times and has his own personality quirks. A passage from 

Coming of Age in the Milky Way by Timothy Ferris:  

 

Routinely described in the textbooks as the empiricist alternative to Plato, Aristotle was, 

indeed, relatively devoted to observation; he is said, for instance, to have spent his honeymoon 

collecting specimens of marine life. But he was also addicted to explanation and intolerant of 

ambiguity, qualities not salutary in science. A physician’s son, he inherited a doctor’s bedside 

habit of having a confident and reassuring answer to every anxious question. “When pressed, the 

cast of mind made him credulous (women, he asserted, have fewer teeth than men) and propelled 

him to the extremities of empty categorizing, as when he observed that “animals are to be 

divided into three parts, one that by which food is taken in, one that by which excrement is 

discharged, and the third the region intermediate between them.” Aristotle wrote and lectured on 

logic, rhetoric, poetry, ethics, economics, politics, physics, metaphysics, natural history, 

anatomy, physiology, and the weather, and his thinking on many of these subjects was subtle as 

dewfall, but he was not a man whose lips sprang readily the phrase “I do not know.” His mind 

was a killing jar; everything that he touched he both illuminated and anesthetized.   

 

 

 

 

 



Other Points:  

 

Forms:  When Aristotle pondered the nature of reality, he considered that the Platonic 

forms do exist, but are inseparable from matter. He attempted to find these forms 

in the material world. Many of his biological observations were intended to 

discover the unchangeable forms within the organisms.  

Elements:   Aristotle adapted the four elements from previous work. He added ether for the 

heavens. There were four qualities (the Pythagoreans seems to attach special 

significance to “4” and that seems to be where the number comes from): hot, cold, 

wet, and dry. The elements were earth (cold and dry), air (hot and wet), fire (hot 

and dry), and water (cold and wet). One type of matter could be changed into 

another by adjusting the qualities. This is the origin of alchemy. Physical changes 

also involved the qualities. Liquids can be produced by both adding “hot” 

(melting) or “wet” (dissolving).  

 

A chemist’s note: Then ancients actually knew of several elements in the modern 

sense. These were gold, silver, lead, iron, copper, tin, mercury, sulfur, carbon, and 

antimony.  

 

Reasoning:  Plato used the dialectic, and Aristotle developed syllogisms:  

 

All cats are animals.  

All dogs are animals.  

Therefore, all cats are dogs.  

 

Plato’s logic cannot be used to give a real picture of the natural world, but  

Aristotle believed that the form has no separate existence from the concrete 

individual item The form must be understood by studying the individual, and 

extension from the individual to the general requires its own logic - the syllogism.  

 

Biological  Contrast the chick embryo text and the meteorology text Aristotle’s observations 

vs.   in the field of biology are still very fine work even by current standards. By 

Physical  comparison, his physical science work seems pretty strange now. (Even  

Science  Aristotle’s writing style is harder to understand in the latter compared to the  

former.) The first sentence of Book 1, Part 7 shows how Aristotle is locked into a 

Platonic-like reasoning style for the physical sciences: “We consider a satisfactory 

explanation of phenomena inaccessible to observation to have been given when 

our account of them is free from impossibilities.”  

 

Ask your class what the real cause of comets and the Milky Way is. 

  

The Arts  The characteristics of balance, proportion, shape, and symmetry are as important 

in Greek science and medicine as they are in Greek art. The next page prepared by 

Reggie Hudson gives some examples.  


