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More on Hypothesis Testing 

I once attended a lecture by the population geneticist, C. C. Li, in which he compared a hypothesis to a 
square (or any shape) in space. The outline of the square represented the limits of data that the 
hypothesis would admit. Any data points outside the square would falsify the hypothesis, while any 
inside represented support. Li pointed out that data points falling inside the square were weak tests. 
since they could be supporting any number of alternative hypotheses which also happened to include 
the point. Even if one provided data points all over the inside of the square, they could still be 
supporting a different hypothesis represented by a bigger inclusive square. And the number of such 
apparently supporting data points would be infinite, if one considered trying to fill the entire square 
with them. So trying to prove directly that a particular hypothesis is the correct (and only) one is 
actually a futile task. 

Li went on to support the argument of the philosopher, Karl Popper (1963), that it is more useful to 
test a hypothesis by providing risky potential falsifying procedures. In other words, if one could 
suggest a data point that fell outside the square, and had some possibility of existing, that would be a 
potential falsifying procedure. A single data point, then, could show that a different hypothesis has to 
be erected. Moreover, every time one of those potentially falsifying points was shown not to exist, or 
to be unverifiable, it supported the notion that the limits of the square were indeed the limits of 
demonstrability of data points. As I see it, if a supposed data point was quite far outside the square it 
wouldn't represent a very risky test because it would presumably be so far from what looked like 
reality (at least to the person who dreamed up the hypothesis) that it wouldn't be very likely. To 
prove it didn't exist wouldn't be much of a test for the hypothesis. Therefore, riskiness of a potential 
falsifying procedure could be defined by its closeness to the border of the square from the outside, 
insofar as such closeness represented reasons for believing the condition might exist -- either 
intuitive reasons, or reasons that might not be intuitive but derived from the nature of the 
hypothesis. 

Just as an infinite number of data points would be required to fill the entire space inside of the 
square, an infinite number would also be required to fill the space outside the square, and in that 
sense prove the hypothesis to be correct. But, it seems to me, some finite number could be used to 
trace out fairly completely the actual boundary of the square, if one restricted his attention to data 
points that fell just inside and just outside the boundary. Indeed, it also seems to me that, using the 
analogy of the square, what one tries to do with data points is actually trace out the boundary of the 
square. In a sense, what makes an hypothesis useful -- and perhaps what gives it the quality that 
Popper tried to describe as being vulnerable to falsification -- is simply having a definite boundary; 
hypotheses with fuzzy boundaries obviously cannot be falsified, and are not scientifically useful. 

I had never been entirely satisfied with the idea of risky tests through potential falsifying 
procedures, as described by Popper, although I understood the significance of seeking data points 
outside the limits of a hypothesis, as opposed to supporting points within its limits. In other words, I 
recognized the usefulness of falsifying procedures, when they worked; but I never felt as though I 
fully understood the procedures involved in testing in the best possible way hypotheses that continued 
to survive one falsifying test after another. 

I have been impressed for a long time by the way Darwin (1859) tested his hypothesis that evolution 
by natural selection should explain all the traits of life. He didn't give a name to this procedure --
just employed it -· so his efforts did not result explicitly in a system of hypothesis-testing called 
"The Darwinian Method" (despite the use of this phrase by various authors). I regard this as 
lamentable, for two reasons. First, it seems clear to me that Darwin outpoppered Popper before 
Popper was born. Second, Popper himself apparently never examined Darwin's work carefully, for 
he always regarded organic evolution as metaphysical, untestable, and not a scientific theory; and he 
never showed that he understood that Darwin tested his theory using a method indistinguishable from 



2 
that Popper himself advocated. 

I want to use Darwin's method here to carry the above discussion, from Popper and Li, to a stage that 
represents for me an apparently more useful understanding of what hypothesis-testing is all about. 
Darwin, it seems to me, used two methods to test his hypothesis (Alexander, 1979). He evidently 
realized that evolution, if correct, had to explain everything observable in the real world, but not 
everything imaginable. So he did two things: First, he tried to imagine conditions that, if they indeed 
turned out to exist, would falsify evolution by natural selection. This was a reasonable procedure 
then, and is such today, because our knowledge of life on earth is still so incomplete that many 
possible conditions can be imagined that could be discovered to exist, when we have learned more than 
we know now. 

Second, Darwin sought actual situations, or conditions, of life that appeared to falsify his hypothesis 
and looked at each of them in more detail to see if they really did falsify it. 

In terms of Li's square in space, Darwin's first procedure involved identifying data points that lay 
just outside the square that represented 
his hypothesis -- data points which, if they could be demonstrated, would falsify the hypothesis. Here 
are two examples: 

"If it could be demonstrated that any complex organ existed, which could not possibly have been 
formed by numerous, successive, slight modifications, my theory would absolutely break down." 

"If it could be proved that any part of the structure of any one species had been formed for the 
exclusive good of another species, it would annihilate my theory, for such could not have been 
produced by natural selection." 

Both of these propositions, and their corollaries, are discussed by Alexander (1979), pp. 9 ff., 19ff. 
(see also, Dawkins, 1987). 

Second, Darwin looked at the real world of life and identified phenomena that at first appeared to 
contradict his theory. Probably the outstanding example was the social insects, in which one female 
produces all the offspring, while the rest of the colony (usually her offspring) behave as sterile 
workers and soldiers, helping the female raise reproductive offspring. Darwin described this 
situation as "the one special difficulty, which at first appeared to me insuperable, and actually fatal 
to my whole theory." He provided a magnificent solution, which stands today, noting that if the trait of 
sterility could be carried without being expressed, then if those who expressed it helped sufficiently 
those who carried it without expressing it, the trait itself could be "advanced by natural selection." 
He explained the situation further by referring to the selection of a breed of oxen (castrates) with 
long horns, and of tasty vegetables, by saving for breeding purposes members of the families from 
which the desired traits were produced in the sterile or non-reproducing forms (see Alexander, 
1979, pp. 20 ff.). In the absence of knowledge of the genetic materials, there does not seem to be any 
way Darwin could have come closer to the truth. 

In terms of Li's model, Darwin was skipping back and forth across the line that represented the 
boundary of his hypothesis. He was (1) identifying hypothetical data points that lay just outside the 
limits of his hypothesis, and leaving them as challenges to skeptics or anyone else who might wish to 
investigate them, and (2) identifying actual data points that at first seemed to lie outside the 
boundaries of his hypothesis, examining them, and showing that in fact they should have been 
identified as lying just inside the boundaries of the hypothesis. In other words, he was literally 
tracing out the borders of his hypothesis, in a fashion that would show whether or not these borders 
were in fact the ones he should have erected to demonstrate the limits and nature of his hypothesis. To 
my mind, this is the appropriate procedure by which to test a hypothesis. When the method by which 
it is being accomplished is also made clear to the reader, this way of testing becomes the ultimate 
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procedure of science. In Darwin's case, we must be awed by his ability to develop such a method as 
early as he did, and with regard to the most difficult explanatory problem in science -- that of 
accounting in the b·:iadest possible way for the most complicated and diverse item we have yet 
encountered in the universe, life on earth. I think it is also especially impressive that at least some of 
the falsifying procedures that Darwin used tended to verify not merely a point or two along the 
borders of his hypothesis, but some large part of the boundary. The two challenges quoted earlier are 
particularly good examples. The first one deals with whether or not macroevolution is just 
microevolution extended (and, in my opinion, that is what Darwin meant by his argument that 
evolution is "gradual" -- not what some of the modern "punctuationist" advocates argue he meant -
see also, Dawkins, 1987). The second one deals with the question of reproductive altruism, a 
challenge that in a sense runs right around the entire boundary of his hypothesis. 

It seems to me that biologists continue Darwin's procedures today. Initially, and perhaps almost 
continually, they do what the late physiological psychologist, James Olds, once told me he advised his 
behavioral research students to do: they observe the particular aspects of the world of life that most 
intrigue them until they see something that surprises them. The surprise comes when the observation 
appears to show something that does not fit current models -- in this case, something that does not 
appear to correspond to our view of evolution by natural selection. Perhaps someone locates an 
example of parental behavior seemingly given regularly to nonrelatives, or some other form of 
apparent reproductive altruism. A closer look is then taken, with the inevitable result (so far) that 
the event is shown to shift across the border of the evolutionary hypothesis, into accord with 
evolution by natural selection as Darwin understood it. 

A final point: The shape and size of Darwin's view of what evolution could produce (his "shape in 
space" a la C. C. Li) is determined by answering the question how natural selection actually works --
a question not even defined well until Fisher (1930, 1958) and Williams (1966). Natural selection 
is not expected to produce everything and anything, and we have to figure out what it is unlikely to 
have produced; that amounts to defining Darwin's "shape in space" better than he could in 1859 with 
his limited knowledge of genetics and development. For example, we have adjusted slightly the shape 
of the boundary that concerns the effectiveness of selection at different levels in the hierarchy of 
organization of life. Most of the time, however, efforts to change Darwin's hypothesis have proved to 
be misdirected, so that we have continually been returned to his view of evolution, from one or 
another less perfect view that prevailed briefly, sometime between 1859 and now. Darwin's 
perspicacity in the matter of scientific testing seems to me the basis for his place in history as one of 
the greatest intellects of all time. 
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