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The Demarcation Dilemma


The Demarcation Problem asks how we define natural science, that is, how we distinguish 
between science and non-science. It does not deal with the question of how we distinguish 
between good science and poor science, or between good anything versus poor anything.


Do any demarcation criteria exist? 
Can science be defined by any necessary or sufficient criteria? Supreme Court Justice Potter 
Stuart once said of pornography: “I can’t define it, but I know it when I see it.” Similarly, we 
often know science when we see it, and we can clearly identify some activities as scientific and 
some as not scientific. Without too much controversy, we should be able to come up with a 
short list of cases that are acknowledgedly scientific: Newton’s physics; Hutton’s geology; 
Copernicus’ astronomy; Einstein’s relativity theory; Watson and Crick’s DNA discoveries; etc. 
Two theological students discussing the meaning of the Eucharist are clearly doing theology, 
but when they are experimenting in the organic chemistry lab they are doing science. Yet one 
might imagine someone discussing the “physics of the Eucharist,” and what would that be? 
The question at issue now is not whether there is such a thing as natural science, or as non-
science, but whether the boundary between them is a continuous blur, or whether these 
activities are discrete and cleanly separable by any specifiable criteria.


Why is a definition of natural science important? 
—Cultural authority of “science.”

—Simplistic descriptions of “the scientific method” in science textbooks leave lay people 
unable to sort through competing scientific claims.

—Inability of scientists to agree on demarcation criteria in the polemics of scientific 
controversies.


Should only scientists or science-educators have authority to define science? 
The question of demarcation is a question for lay people to answer, and not just scientists! 
Properly, it lies in the field of philosophy of science, and any kind of answer given will be 
philosophical in nature—even if the answer is “There is no answer.”


What is a definition? 
An essential defining criterion must have two characteristics:


1.	 It must be a necessary criterion. This means that in all cases of recognizable scientific 
activity it will be present. If a definition of natural science does not provide a necessary criterion 
of science, then that definition will be too narrow, capturing only a portion of all scientific 
activity. For example, we might say that the science of chemistry is characterized by 
experimentation. However, observational astronomy does not feature much experimentation, 
and some aspects of historical geology may rely on fieldwork rather than experimentation, so 
experimentation would rule out those aspects of geology if it were taken to be a necessary 
criterion of science. To be able to say that our definition applies to all of natural science, we 
must specify a necessary criterion.


2.	 It must be a sufficient criterion. This means that in all cases where this criterion is 
present, that activity is scientific. If a definition of natural science does not provide a sufficient 
criterion of science, then that definition will be too broad, including within its purview activities 
that are not scientific. For example, we might say that a necessary criterion of science is that it 
deals with observations of nature (natural phenomena). But a wildlife painter carefully observes 
nature, and that doesn’t make her a natural scientist. To be able to say that our definition 
successfully rules out those activities that are not scientific, we must specify a sufficient 
criterion.
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What kinds of defining criteria might we find? 
1.	 Content.

2.	 Method.

3.	 Social.

4.	 Epistemic Status.


1. Criteria based on Content. 

•Science deals with nature. 
—Not a necessary criterion: Many natural scientists deal only indirectly and remotely with 
nature. Computer modelling deals with observations of artificial phenomena; many theoretical 
physicists work within the parameters of general equations (which are themselves only 
tenuously related to natural observations); some scientists’ work is purely statistical, e.g., Jack 
Sepkoski & paleontological reference data. 

—Not a sufficient criterion: Many nonscientists possess a body of knowledge about nature. If 
you read a scientific encyclopedia, does that make you a scientist? You can learn more physics 
than Isaac Newton knew; does that make you a better physicist?


•“Nature” is... 
—Nor does the criterion “science deals with nature” escape a critical ambiguity inherent in the 
word “nature.” For example, many scientists would define numbers as natural entities, and 
attribute to them some kind of causal power (e.g., theoretical physicists such as Stephen 
Hawking, ancient Pythagoreans, Renaissance natural magicians). Other scientists would insist 
that numbers are abstractions from nature rather than objects of nature. These latter scientists 
would consider the former unscientific. The domain of science or nature is often disputed in 
this kind of way. 


•Science deals with natural causes... natural effects... 
In addition to the question of what nature is, the domain of science or nature is often disputed 
in another way. Must scientific explanation be causal, or in some fields may it be descriptive, 
contingently historical, or phenomenal? That is, are explanations of natural effects as resulting 
from unknown agents (gravity, extinction, teleological structures, UFO phenomena) part of 
science? Or should they be ruled out as too philosophical, speculative, or religious, unless the 
causes can be identified and certified to be as fully “natural” as the effects? In general, must 
causes be specified before a theory becomes complete enough to warrant the term 
“scientific”? (These questions are often debated under the headings of “phenomenalism” or 
“methodological naturalism.”)


2. Criteria based on Method. 

•Scientists test a theory or hypothesis by experimentation. 
Not a necessary criterion: Are there significant differences between ordinary experience, 
systematic observation, and contrived experiments that produce artificial phenomena? Is 
experimentation always necessary above and beyond other types of observation? Some 
scientists do not rely on experimentation, such as observational astronomers and historical 
geologists (see above). The first direct experimental proof of the rotation of the Earth was 
Foucault’s pendulum—which Foucault came up with almost two centuries after the rotation of 
the Earth became generally accepted! Naturalists often focus on an animal or natural object as 
it functions in its natural relations, in contradistinction to how it can be made to function in 
artificially-contrived circumstances—for these aims it is immaterial, for instance, that black 
bears can be induced to mate with polar bears in captivity. Dismissing analogies between the 
interior of the Earth and laboratory conditions, James Hutton insisted that his theories should 
not be evaluated, even if confirmed, by the laboratory experiments his advocate James Hall 
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desired to carry out. Much science deals with events remote in time or place which are not 
accessible to direct experimentation, or with events so complex that they cannot be artificially 
controlled.


Not a sufficient criterion: Many nonscientists rely on experimentation. A sprinter who tries a 
new training method might predict that she could improve her time by a half a second. A 
composer working on a fugue or “variations on a theme” experiments with a multitude of 
carefully controlled variables. A superstitious people might test their hypothesis that someone 
was a witch by throwing her into the river and seeing if she could float. A well-intentioned 
Christian apologist might set up two groups of hospital patients, then pray for one and leave 
the other as a control group. Would these cases be scientific? 


•Scientists rely on quantitative rather than qualitative evidence. 
Not a necessary criterion: Many scientists do not base their conclusions on mathematically 
quantifiable variables. Historical geologists, Darwin, and many, many more.


Not a sufficient criterion: Many nonscientists use mathematical techniques as well, such as 
gamblers betting on the pennant races based on team batting averages, etc. When I modify a 
recipe to make a better cake, does that make me a chemist?


•Science involves an especially rigorous method of classification of natural objects based on 
induction, or generalizing from experience. 
Not a necessary criterion: Many scientists do not rely on classification in any unique or 
sophisticated sense. Inductivism has completely failed as a general philosophy of science. 
Deductive and axiomatic aspects of theorizing predominate over induction in many fields of 
science (e.g., theoretical physics).


Not a sufficient criterion: All people generalize, classify, catalog, name, or learn to generalize 
from experience. A child generalizes from its experiences when it learns words such as 
“mama” or “ice cream.” Inuit peoples have names distinguishing 30 different kinds of ice. 
Some people criticize Plato’s nonscientific “taxonomy” of animals which divided them into 
“horned” and “hornless.” This sounds like a very practical classification for a shepherd, so why 
criticize Plato for being a poor scientist? When someone goes to the dairy section for eggs 
does that make them a zoologist (even a poor one)? One group of Native Americans grouped 
lightning flashes and snakes together, which indeed seem quite similar on the basis of 
sympathetic or emblematic criteria.


•Scientists use careful observations of nature. 
Not a necessary criterion, because many scientists deal only indirectly and remotely with 
nature (see #1 under “Content”). Observations in ordinary experience are overwhelming; why 
not count blades of grass? Why not watch rocks fall? A criterion for science will not be purely 
observational in nature, but must explain what makes those observations meaningful. For what 
kinds of problems do scientists observe nature? What makes observations meaningful? 
Copernicus’ revolutionary cosmology was based on the same observations as the older 
Ptolemaic system—of the handful of new observations in Copernicus’ astronomy, none were 
the basis of his Sun-centered system (and some were “calculated” rather than directly 
“observed”). Einstein labored for five years to deduce an observational consequence of his 
general theory of relativity, and it took several years after that to confirm his first prediction—
was his theory unscientific until that time? 


Careful observation of nature is not a sufficient criterion, because many nonscientists also 
carefully observe nature: Babylonian astrologers, modern farmers, wildlife painters, amateur 
birdwatchers, children playing with seashells or salamanders.
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•Scientists stick to reality, non-scientists use imagination. 
Not a necessary criterion, because imagination plays a greater role in science than some 
people realize. No one can formally specify where creative ideas come from, including the 
ideas that inspire the most productive scientific hypotheses. Imaginative visions of possible 
worlds, or “thought experiments” where exceptions to present natural conditions might occur, 
have fueled many significant developments in science, such as the existence of void, the 
boundary of space, the origin of life, thermodynamics, relativity, etc.


In addition, a significant minority of scientists (including many physicists) believe that 
theoretical entities, such as “atoms” or “quarks,” are “useful fictions.” That is, they do not 
believe that the aim of science is to grasp reality, as their explanations do not refer to “really” 
existing things. Rather, they understand their theories to involve terms that merely represent, in 
a shorthand manner, collections of specified observations. (This philosophical view of science 
is called “operationalism,” “instrumentalism,” “conventionalism,” or “saving the phenomena,” 
and is one variety of “anti-realism.”)


Finally, this characterization of natural science borders on “scientism,” which is the view that 
only scientific knowledge is real, and that all other knowledge is mere belief or imagination. The 
irony is that scientism itself is a meta-scientific view, or a world-view perspective, that properly 
belongs to philosophy rather than science. Thus scientism is self-refuting, since the belief that 
only natural science provides knowledge itself requires a non-science foundation!


3.	 Social Criteria. 
•Professionalization: Based on publication of scientific papers, membership of scientific 
societies, employment descriptions, etc.

•Analogous to architects, lawyers, other professional guilds.


4.	 Epistemic Status. 
Or is the entire demarcation dilemma based upon an unwise assumption that there is a unique 
and universal “scientific method”? And upon an inappropriate definition of “science,” as an 
attempt to distinguish the natural sciences from (and elevate above) other sciences, such as 
the human sciences or even theology? The older distinction does not set “natural science” 
against all other fields of inquiry, but rather “science” (of many sorts) against “opinion.” In 
contrast to the assumption of a unique and universal scientific method, this approach goes 
back to Socrates and is still evident in non-English languages such as scientia in Latin and 
Wissenschaft in German. The European convention persists of referring to any field of 
knowledge, as opposed to opinion, as scientia, or Wissenschaft. Such usage is sadly lost in 
Anglophone culture; which we might wish to recover.

•Scientia. Reliable knowledge, as opposed to opinions that are not the product of sustained 
reflection, however plausible.

•Also applies to ethics, philosophy, theology, exercise science, or any field of organized critical 
inquiry. “Natural” becomes an essential qualifier that is not redundant, as in Division of “Natural 
Sciences.”
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What is Science? 

In our culture today, few words carry as much authority or weight as “science” or “scientific.” 
To call something “unscientific” or, worse yet, “anti-science,” is taken as a supreme insult. This 
indicates that our words are not mere labels, without profound meaning. Nevertheless, it can 
be very difficult to state precisely what the meaning of our words are. Textbooks typically 
define science by a standardized 3 or 4 step “scientific method.” However, this definition may 
not be adequate for capturing the depth of feeling that often surfaces in “scientific” debates. 
Nor does it always differentiate “science” from other human endeavors. 


Your assignment: Define “science,” “scientific,” and “scientific method.” You will describe them 
as well, but please note carefully that a description is not a definition. A definition in the sense 
that I am asking you to come up with requires you to specify a feature or characteristic of 
science, without which an activity cannot be science, and which, if it is present, makes the 
activity “scientific.” That is, what is the sine que non (“without which it is not”) of “science”? Or, 
to put the same thing in other words, what are sufficient and necessary characteristics of 
“science”?


Note: The above means that a definition of “science” will not hold if the essential identifying 
feature of science is present in some (or any) activities that are not “science.” Nor will it hold if 
the essential identifying characteristic is absent in some (or any) cases of “science,” as well.


You may work and discuss this assignment together, but each person should prepare the 
following written report:


1.	 Examine at least three science textbooks (secondary or college level, in the field(s) of 
your choice). Do these texts offer an explanation of what “science” is? Compare their 
descriptions or definitions of “science” and of “the scientific method.”


2.	 Prepare a sheet of paper with two vertical columns. Put “Descriptions of Science” at the 
top of the page. Label the left side “Science,” and list common descriptions of “science.” Label 
the right side “Non-science,” and list common descriptions of activities which are not 
“science.” Include in your lists of characteristics the features suggested by the textbooks in #1.


3.	 For each described feature of science on your “Descriptions of Science” page, try to 
identify any cases of “science” that do not fit the description. Note these counter-examples. 
Also try to think of any cases of “non-science” that do fit the description of science. Record 
these counter-examples.


4.	 On another sheet of paper, set up the same two columns (“Science” and “Non-
science”), but use the title “Essential Defining Criteria of Science.” Critically evaluate the 
common descriptions of “science” and “non-science” listed on the “Descriptions of Science” 
page. One by one, copy any described characteristic onto the second page IF it is true of all 
“science” or of all “non-science,” and IF it is never true of the other; that is, IF it defines 
science rather than merely describes some activities within “science” or “non-science.” How 
short does your list become now?


5.	 Finally, compare your “Descriptions” and “Defining Criteria” pages. On this basis 
provide and defend your own definition of science.


6.	 Defining science has turned out to be a lot of work! Explain why it is important to try, 
and to reflect on what science is.
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