
From A.F. Chalmers, What is thing called Science? 
 
Observable facts expressed as statements 
In normal linguistic usage, the meaning of "fact" is ambiguous. It can refer to a statement that 
expresses the fact and it can also refer to the state of affairs referred to by such a statement. For 
example, it is a fact that there are mountains and craters on the moon. Here the fact can be taken as 
referring to the mountains or craters themselves. Alternatively, the statement "there are mountains and 
craters on the moon" can be taken as constituting the fact. When it is claimed that science is based on 
and derived from the facts, it is clearly the latter interpretation that is appropriate. Knowledge about the 
moon's surface is not based on and derived from mountains and craters but from factual statements 
about mountains and craters. 

As well as distinguishing facts, understood as statements, from the states of affairs described by 
those statements, it is also clearly necessary to distinguish statements of facts from the perceptions that 
might occasion the acceptance of those statements as facts. For example, it is undoubtedly the case that 
when Darwin underwent his famous voyage on the Beagle he encountered many novel species of plant 
and animal, and so was subject to a range of novel perceptual experiences. However, he would have 
made no significant contribution to science had he left it at that. It was only when he had formulated 
statements describing the novelties and made them available to other scientists that he made a 
significant contribution to biology. To the extent that the voyage on the Beagle yielded novel facts 
from which an evolutionary theory could be derived, or to which an evolutionary theory could be 
related, it was statements that constituted those facts. For those who wish to claim that knowledge is 
derived from facts, they must have statements in mind, and neither perceptions nor objects like 
mountains and craters. 

With this clarification behind us, let us return to the claims (a) to (c) about the nature of facts which 
concluded the first section of this chapter: 

(a) Facts are directly given to careful, unprejudiced observers via the senses. 
(b) Facts are prior to and independent of theory. 
(c) Facts constitute a firm and reliable foundation for scientific knowledge. 

Once we do so they immediately become highly problematic as they stand. Given that the facts that 
might constitute a suitable basis for science must be in the form of statements, the claim that facts are 
given in a straightforward way via the senses begins to look quite misconceived. For even if we set 
aside the difficulties highlighted in the previous section, and assume that perceptions are 
straightforwardly given in the act of seeing, it is clearly not the case that statements describing 
observable states of affairs (I will call them observation statements) are given to observers via the 
senses. It is absurd to think that statements of fact enter the brain by way of the senses. 
   Before an observer can formulate and assent to an observation statement, he or she must be in 
possession of the appropriate conceptual framework and a knowledge of how to appropriately apply it. 
That this is so becomes clear when we contemplate the way in which a child learns to describe (that is, 
make factual statements about) the world. Think of a parent teaching a child to recognize and describe 
apples. The parent shows the child an apple, points to it, and utters the word "apple". The child soon 
learns to repeat the word "apple" in imitation. Having mastered this particular accomplishment, 
perhaps on a later day the child encounters its sibling's tennis ball, points and says "apple". At this 
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point the parent intervenes to explain that the ball is not an apple, demonstrating, for example, that one 
cannot bite it like an apple. Further mistakes by the child, such as the identification of a choko as an 
apple, will require somewhat more elaborate explanations from the parent. By the time the child can 
successfully say there is an apple present when there is one, it has learnt quite a lot about apples. So it 
would seem that it is a mistake to presume that we must first observe the facts about apples before 
deriving knowledge about them from those facts, because the appropriate facts, formulated as 
statements, presuppose quite a lot of knowledge about apples. 

Let us move from talk of children to some examples that are more relevant to our task of 
understanding science. Imagine a skilled botanist accompanied by someone like myself who is largely 
ignorant of botany taking part in a field trip into the Australian bush, with the objective of collecting 
observable facts about the native flora. It is undoubtedly the case that the botanist will be capable of 
collecting facts that are far more numerous and discerning than those I am able to observe and 
formulate, and the reason is clear. The botanist has a more elaborate conceptual scheme to exploit than 
myself, and that is because he or she knows more botany than I do. A knowledge of botany is a 
prerequisite for the formulation of the observation statements that might constitute its factual basis. 

Thus, the recording of observable facts requires more than the reception of the stimuli, in the form 
of light rays that impinge on the eye. It requires the knowledge of the appropriate conceptual scheme 
and how to apply it. In this sense, assumptions (a) and (b) cannot be accepted as they stand. Statements 
of fact are not determined in a straightforward way by sensual stimuli, and observation statements 
presuppose knowledge, so it cannot be the case that we first establish the facts and then derive our 
knowledge from them. 

 

The fallibility of observation statements 
We have made some headway in our search for a characterization of the observational base of science, 
if as Hempel argued, the truth or falsity of observation statements can be established in a direct way by 
observation. For, then, irrespective of the way in which those statements came to be formulated, it 
would seem that the observation statements confirmed in this way provide us with a significant factual 
basis for scientific knowledge. But we are not out of trouble yet. Is the presupposition that the truth or 
otherwise of observation statements can be securely established by observation in an unproblematic 
way legitimate? We have already seen ways in which problems can arise from the fact that different 
observers do not necessarily have the same perceptions when viewing the same scene, and this can 
lead to disagreements about what the observable states of affairs are. The significance of this point for 
science is borne out by well-documented cases in the history of science, such as the dispute about 
whether or not the effects of so-called N-rays are observable, described by Nye (1980), and the 
disagreement between Sydney and Cambridge astronomers over what the observable facts were in the 
early years of radio astronomy, as described by Edge and Mulkay (1976). We have as yet said little to 
show how a secure observational basis for science can be established in the face of such difficulties. 
Further difficulties concerning the reliability of the observational basis of science arise from some of 
the ways in which judgments about the adequacy of observation statements draw on presupposed 
knowledge in a way that renders those judgments fallible. I will illustrate this with examples. 
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Aristotle included fire among the four elements of which all terrestrial objects are made. The 
assumption that fire is a distinctive substance, albeit a very light one, persisted for hundreds of years, 
and it took modern chemistry to thoroughly undermine it. Those who worked with this presupposition 
considered themselves to be observing fire directly when watching flames rise into the air, so that for 
them "the fire ascended" is an observation statement that was frequently borne out by direct 
observation. We now reject such observation statements. The point is that if the knowledge that 
provides the categories we use to describe our observations is defective, the observation statements 
that presuppose those categories are similarly defective 

My second example concerns the realization, established in the sixteenth and seventeenth centuries, 
that the earth moves, spinning on its axis and orbiting the sun Prior to the circumstances that made this 
realization possible, it can be said that the statement "the earth is stationary" was a fact confirmed by 
observation. After all, one cannot see or feel it move, and if we jump in the air, the earth does not spin 
away beneath us.  We, from a modern perspective, know that the observation statement in question is 
false in spite of these appearances. We understand inertia, and know that if we are moving in a 
horizontal direction at over one hundred meters per second because the earth is spinning, there is no 
reason why that should change when we jump in the air. It takes a force to change speed, and, in our 
example, there are no horizontal forces acting. So we retain the horizontal speed we share with the 
earth's surface and land where we took off. "The earth is stationary" is not established by the 
observable evidence in the way it was once thought to be. But to fully appreciate why this is so, we 
need to understand inertia. That understanding was a seventeenth-century innovation. We have an 
example that illustrates a way in which the judgment of the truth or otherwise of an observation 
statement depends on the knowledge that forms the background against which the judgment is made. It 
would seem that the scientific revolution involved not just a progressive transformation of scientific 
theory, but also a transformation in what were considered to be the observable facts! 

This last point is further illustrated by my third example. It concerns the sizes of the planets Venus 
and Mars as viewed from earth during the course of the year. It is a consequence of Copernicus's 
suggestion that the earth circulates the sun, in an orbit outside that of Venus and inside that of Mars 
that the apparent size of both Venus and Mars should change appreciably during the course of the year. 
This is because when the earth is around the same side of the sun as one of those planets it is relatively 
close to it, whereas when it is on the opposite side of the sun to one of them it is relatively distant from 
it When the matter is considered quantitatively, as it can be within Copernicus's own version of his 
theory, the effect is a sizeable one, with a predicted change in apparent diameter by a factor of about 
eight in the case of Mars and about six in the case of Venus. However, when the planets are observed 
carefully with the naked eye, no change in size can be detected for Venus, and Mars changes in size by 
no more than a factor of two. So the observation statement "the apparent size of Venus does not change 
size during the course of the year" was straightforwardly confirmed, and was referred to in the Preface 
to Copernicus's On the Revolutions of the Heavenly Spheres as a fact confirmed "by all the experience 
of the ages" (Duncan, 1976, p. 22). Osiander, who was the author of the Preface in question, was so 
impressed by the clash between the consequences of the Copernican theory and our "observable fact" 
that he used it to argue that the Copernican theory should not be taken literally.  

We now know that the naked-eye observations of planetary sizes are deceptive, and that the eye is a 
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very unreliable device for gauging the size of small light sources against a dark background. But it 
took Galileo to point this out and to show how the predicted change in size can be clearly discerned if 
Venus and Mars are viewed through a telescope. Here we have a clear example of the correction of a 
mistake about the observable facts made possible by improved knowledge and technology. In itself the 
example is unremarkable and non-mysterious. But it does show that any view to the effect that 
scientific knowledge is based on the facts acquired by observation must allow that the facts as well as 
the knowledge are fallible and subject to correction and that scientific knowledge and the facts on 
which it might be said to be based are interdependent 

The intuition that I intended to capture with my slogan "science is derived from the facts" was that 
scientific knowledge has a special status in part because it is founded on a secure basis, solid facts 
firmly established by observation. Some of the considerations of this chapter pose a threat to this 
comfortable view. One difficulty concerns the extent to which perceptions are influenced by the 
background and expectations of the observer, so that what appears to be an observable fact for one 
need not be for another. The second source of difficulty stems from the extent to which judgments 
about the truth of observation statements depend on what is already known or assumed, thus rendering 
the observable facts as fallible as the presuppositions underlying them. Both kinds of difficulty suggest 
that maybe the observable basis for science is not as straightforward and secure as is widely and 
traditionally supposed.  

 
 
 

 
 
 

 

.

 4


