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ABSTRACT: I call an experiment "crucial" when it makes possible a decisive choice 
between conflicting hypotheses. Johannsen's selection for size and weight within pure lines 
of beans played a central role in the controversy over continuity or discontinuity in 
hereditary change, often known as the Biometrician-Mendelian controversy. 11ae "crucial" 
effect of this experiment was not an instantaneous event, but an extended process of 
repeatin.g similar experiments and discussing possible objections. It took years before 
Johannsen's claim about the genetic stability of pure lines was accepted as conclusively 
demonstrated by the community of geneticists. 

The paper also argues that crucial experiments thus interpreted contradict certain ideas 
about the underdetermination of theories by facts and the theory-ladenness of facts which 
have been influential in recent history and sociology of science. The acceptance of stability 
in the pure lines did not rest on prior preference for continuity or discontinuity. And this 
fact permitted a final choice between the two theories. When such choice is characterized 
as "decisive" or "final", this is not meant in an absolute philosophical sense. What we 
achive in these cases is highly reliable empirical knowledge. The philosophical possibility of 
drawing (almost) any conclusion in doubt should be distinguished from reasonable doubt 
in empirical science. 
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Mendelians. 

INTRODUCTION: FORGETTING THE FACTS? 

The  not ion o f  crucial experiments  deserves a revival. They  were the pride 
of  19th century  science, at the core  of  what  was then called "the experi- 
mental  method" .  But in recent  decades  they have generally been  neglected 
and received low ratings in the history and phi losophy of  science. One  
impor tant  reason for  this is, I believe, a bias in favour  of  conceptual  
problems and comprehens ive  theories. There  has been  a onesided 
emphasis on  the s tudy of  paradigms,  research p rogrammes  and funda- 
mental  theoretical  shifts, and a cor responding  neglect of  the role of  factual 
discoveries in science. Or  in o ther  words,  recent  science studies have been  
so fascinated by  the revolut ionary and non-cumulat ive  aspects that it has 
tended to forget, or  even deny, the steady accumulat ion of  pieces of  
factual scientific knowledge that remain valid as long as the world which 
they refer to does no t  change. 

Biology and Philosophy 4: 303--329, 1989. 
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Let me say at once that I am not defending crucial experiments in the 
absolute sense, experiments which result in a choice that is true for all 
time and for all thinkable circumstance. I am concerned with the experi- 
ments that were taken to be crucial in deciding between theories and 
establishing a basis for further research. My claim is that there exist no 
good philosophical arguments against the reasonableness of decisions that 
the scientists made. It is my opinion that crucial experiments in this sense 
have a central role in historical explanations of scientific development and 
in any adequate theory of empirical science. I will try to show how earlier 
historiography has failed adequately to grasp the cognitive context and 
content of such an experiment and therefore missed the power of so- 
called internal scientific factors, evidence and argument, to determine the 
development of scientific belief. 

The example that I will use to demonstrate the existence of important 
crucial experiments in the history of science is taken from genetics. The 
so-called pure line experiment was first carried out by the Danish 
geneticist Wilhelm Johannsen in the years 1901--1902, and he interpreted 
it to show that when recombination ("hybridization") and mutuation is 
excluded heredity is stable. There was no "continuous" change in heredity 
as claimed by orthodox Darwinists like the members of the British 
biometric school. In the following years this experiment was extended by 
Johannsen and others and by ca. 1910 its outcome acquired the status of a 
fact that spoke decisively against the rival view of genetic change. Briefly, I 
will argue that the impact of this experiment was twofold. It gave precise 
empirical content to the distinction between genotype and phenotype, 
without which modern genetics could hardly have gotten off the ground. 
And it demonstrated that in evolution the genotype, as opposed to the 
phenotype, changes discontinuously. 

I will also argue that attention to crucial experiments is important for a 
philosophy of science that seeks close contact with empirical studies of 
science. For instance, this pertains to the revival of a naturalist and 
rationalist tradition in philosophy of science that L. Laudan et al. (1986) 
have recently made a pledge for. But in contrast to them I want to 
emphasize some of the insights that the "positivism or logical empiricism" 
of the 19th and early 20th centuries still has to offer. I do not agree that 
this traditional view "has by now been effectively refuted" by the "his- 
torical school" developed from the 1960s onwards under the leadership of 
T. Kuhn, I. Lakatos and others. As Laudan et al. themselves point out, the 
"post-positivist" theories of scientific change have not "been tested in more 
than the most perfunctory and superficial manner" (Laudan et al., 1986, 
pp. 142--143). 

That "facts are theory-laden" and that "theories are underdetermined 
by facts" are two central ideas of the historical school which tend to 
conflict with a belief in the importance of crucial experiments. According 
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to Laudan et al. (1986, pp. 154--156) these two ideas are a recurring 
feature among today's theories of scientific change. They also form an 
important part of the ideological basis of contemporary "relativist" and 
"constructivist" schools in history and sociology of science. (See for 
instance Knorr-Cetina and Mulkay, 1984.) I do not want to criticize 
mainline philosophy of science for being relativistic. It may be, however, 
that by concentrating on standards of knowledge that are so strict that no 
empirical science has a chance to satisfy them, this philosophy has 
fostered a sceptical view of empirical science and thereby paved the way 
for relativistic ideas. 

If facts are theory-laden and theory choice is underdetermined by facts, 
then there is little room for the interplay between facts and theories 
envisaged by the notion of crucial experiments. The facts do not appear to 
have the independent stability that is demanded. However, from the 
naturalistic point of view it should be possible to test historically the 
tenability of these two claims. One can investigate to what extent facts 
have been upheld independently of conflicting or changing theories. And 
one can investigate to what extent unambiguous choices between theoreti- 
cal claims have actually been made, and to what extent these choices have 
later remained a stable basis for further research. 

In the following I will make a test of both these ideas. First I will try to 
show that the non-effectiveness of selection within pure lines, which 
Johannsen discovered, was a fact that did not depend on the conflict of 
theories. There was no incommensurability on this point. Second I will 
argue that in the given situation Johannsen's experiment did provide 
sufficient evidence for a choice between two competing theoretical 
explanations. The one was the biometric theory of continuous variation in 
heredity. The other was Johannsen's theory of a stable genotype that only 
changes under the influence of hybridization or through mutation. It is 
also fair to say that his conclusion about the stability of a pure genotype in 
the face of selection has not been overturned by later developments. 

EVOLUTION AND THE PROBLEM OF HEREDITY 

By the end of the nineteenth century the problem of variation z had 
become a focus of biological interest. In evolutionary studies the crucial 
question was: What variations are important for the evolution of species? 
Is it the rare sudden jumps that can be observed in single individuals, 
often called "sports" or "mutations"? Or is it the continuum of variation 
shown in any population of living organisms? Plant and animal breeders 
had to face the fact that not all variation is inherited. They were gradually 
groping their way toward distinctions and methods that would make 
breeding more rational and effective, or more "scientific", as it was often 
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said. The new discipline, soon to be called "genetics", was beginning to 
carve out its special domain. 

To be relevant to evolution, variations have to be inherited. The Danish 
biologist Wilhelm Johannsen insisted that the study of inheritance was a 
necessary preliminary to any advance in the explanation of the origin of 
species: Theories of evolution were sinking into a quagmire of speculation 
and only through a better theory of heredity could they reach firmer 
ground. The study of heredity should therefore be established as an 
independent discipline, he argued (Johannsen 1896, p. 12--13). 

I should stress that Johannsen did not give the whole solution to the 
problem of the inheritance of variation. He coined the term "gene", 
but moved only part of the way toward the classical concept. That 
was only achieved with the analysis of populational variation in terms of 
multiple factors. The first to publish a clear analysis of this kind was 
the Swedish geneticist and plant breeder Herman Nilsson-Ehle who 
developed Johannsen's pure line theory by combining it with the Mendel- 
ian theory of hybridization (Roll-Hansen, 1986, 1988). The German 
geneticist Erwin Baur drew on the work of his friend Nilsson-Ehle to 
formulate the framework of a neo-Darwinian theory of evolution (Baur, 
1911). Johannsen, however, remained sceptical of the power of natural 
selection alone to explain the origin of species. Johannsen's sceptical 
attitude toward Darwinism has often been pointed out, for instance, by G. 
Zirnstein (1976) and Ernst Mayr (1980). But it should not be exag- 
gerated. When he declared that "the problem of evolution is an open 
question" (Johannsen 1915, p. 659), he did not doubt the evolution of 
species or the crucial role of natural selection in this process. His criticism 
was directed against the idea of continuous change in heredity (Johannsen, 
1908). It was this common mistake of "so-called Darwinism" and neo- 
Lamarckism which he fought so valiantly for many years. 

As I have already indicated, there was at the turn of the century two 
major theoretical alternatives competing to solve the problem of variation. 
The orthodox Darwinists believed that new species originate through the 
accumulation of small and continuous variations by natural selection. The 
saltationists, also called "mutationists", believed that new elementary 
species were created by sudden changes in heredity. This latter view 
implied that natural selection did not itself create new forms of organisms 
but merely selected between existing differences which were created by 
other causes like hybridization and mutation. 

In their typical forms the two views represented clearly distinguished 
alternatives. But they hardly had the comprehensive and tightly knit 
structure of what has been called paradigms or research programmes in 
Kuhn's or Lakatos' terminology. Some theoreticians, like the British 
biometricians Frank Raphael Weldon and Karl Pearson, supported an 
orthodox Darwinian view. Others, like William Bateson or Hugo de Vries 
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were close to the opposite pole. But eclectic attitudes were widespread 
and intermediate views common. Much also depended on the size of the 
mutational jumps. If they were often small, the difference between the two 
positions would be less dramatic. 

In an influential treatise on plant breeding from 1889 Kurt von Rtimker 
took both kinds of hereditary variation into consideration. A race ("Sort") 
could be modified by the selection of continuous variations, "fluctuating" 
or "individual" they were often called. But new races, according to 
Riimker, generally originated through "spontaneous variations", i.e. sudden 
changes. This meant that mass selection could be used for modification 
within a race (variety), while search for outstanding individuals was the 
best way to obtain new races (varieties). Riimker tended toward the 
saltationist view since he thought saltations were the most important for 
the origin of new varieties and higher taxa. But his conception was also 
one of "soft heredity", as it has been designated by Ernst Mayr (1980, p. 
17). It included the possibility that environmental influence could direct 
changes in heredity and lead at least to a modification of existing races. 

Plant scientists would often think in terms of such a hierarchy of 
hereditary variations. According to de Vries' mutation theory, for instance, 
there existed two main types of mutations. Progressive mutations created 
new kinds of pangenes (material particles responsible for heredity). 
Retrogressive and degressive mutations corresponded to the modification 
of existing pangenes. In addition a limited and temporary hereditary 
change, i.e. one lasting only for a few generations, could come about 
through selection without mutation. The physiological basis for this was a 
shift in the relative numbers of different kinds of pangenes (Meijer, 1985, 
p. 199--200). 

De Vries argued against orthodox Darwinism that selection alone can 
only change a character to a limited extent and that this change is usually 
unstable. Within a few generations there is reversion to the original type. 
In some cases which showed a permanent effect of selection he explained 
this as separating out a divergent type already present in the original 
population. For instance de Vries produced a type of clover that had on 
the average five leaflets in each leaf by starting with the selection of 
clovers with more than the usual three leaflets (de Vries, 1901, p. 449; 
Weldon, 1902, p. 373). 

WELDON'S ANALYSIS OF THE PROBLEM OF VARIATION 

But as W. F. R. Weldon pointed out de Vries' results were ambiguous. In a 
critical review of Die Mutationstheorie he claimed that de Vries' selection 
experiments did not in general contradict the biometric theory. For 
instance, de Vries had selected maize. Starting from a variety with 14--16 
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rows of seed in a head he selected to increase this number. After eight 
years a variety with a mean number of 20 rows had been produced. Then 
the selection process was reversed, and after three more years a mean of 
14--16 rows was again reached. This gradual displacement of the mean, 
first in one direction, and then in the other, agreed well with the regression 
law of the biometricians, but was rather contrary to the mutationist view, 
claimed Weldon. Mutationism implied that the focus of regression is 
generally stable and only occasionally shifts to a new stable position 
through mutation (Weldon, 1902, p. 369). 

Weldon described the saltationists' distinction between "variation 
proper" and "mutation" as he understood it. (More often "variation 
proper" was called "fluctuating", "individual" or "continuous". I will mostly 
use the latter term.) 

Variation proper is a phenomenon which regularly occurs in every generation, produc- 
ing a series of differences between individuals such that the distribution of the various 
kinds of individuals in every generation obeys the laws of chance. Such variation can 
never lead to a permanent change in the mean characters of the species; and if by 
stringent selection among such variations the character of the race is for a time 
changed, removal of the selection will be quickly followed by regression to the old 
mean of the species. 
Mutation, on the other hand, is a phenomenon which occurs intermittently, and has not 
been shown to obey any ascertained law of magnitude or of frequency. An individual 
which exhibits a mutation belongs already to a new species; and its offspring exhibit 
regression not to the old specific mean, but to a new one. (Weldon, t 902, p. 366) 

This is a fair rendering of the saltationist view as it was conceived at 
that time by de Vries, Bateson or Johannsen. But Weldon claimed that so 
far no good evidence had been produced to demonstrate the existence of 
mutation as something fundamentally different from individual variation. 
He held that individual variation could lead to permanent hereditary 
change and that mutations could simply be interpreted as extreme cases of 
individual variations. Statistically such individuals were occasionally 
bound to occur. 

The origin of "elementary species" was to Weldon the essential problem 
(p. 366), elementary species being the smallest group of individuals which 
can be shown to be different in heredity. As Weldon saw it the muta- 
tionists maintained that once an elementary species had been stabilized 
and purified its "focus of regression" could not be shifted by selection (p. 
371), while the biometricians held that it was possible to produce a new 
elementary species in 6--8 generations by selecting parents with the 
desired characteristics (p. 373). The implication was that if such a stability 
in elementary species, in the face of strong selection, could be demon- 
strated, the biometricians would have to reconsider their theory. 

Weldon was, however, very sure of the falsity of the mutationist view. It 
simply could not be true. He felt confident that when Pearson's sophisti- 
cated theory of regression was understood, de Vries and Bateson would 
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give up their attempts to distinguish "variation" and "mutation". "These 
attempts appear always to rest upon a fancied relation between the 
phenomon of 'regression' and the stability of specific mean character 
through a series of generations which a little knowledge of the statistical 
theory of regression will show to be wholly imaginary" (p. 374). This was 
the challenge with which Weldon ended his review and which Johannsen 
later quoted, commenting that "surely statistical theory cannot alone clear 
up the basic problems of biology!" (Johannsen, 1903, p. 9). 

The controversy was thus focused on a common problem. It was not a 
situation of incommensurability. Despite deeply conflicting theories of 
heredity the two parties agreed on a way in which they could be tested 
against each other. With sufficiently clear cut results a selection experi- 
ment might turn out to be crucial. I will show in the following how 
Johannsen met this challenge. 

Besides the lively theoretical debate on mechanisms of species change, 
the late ninteenth century saw a growing effort in the applied science of 
plant breeding. One of the scientifically most advanced breeding institutes 
was Sval6f in Southern Sweden, founded by the Swedish Seed Association 
in 1886. At first the effort built on the idea of shifting properties gradually 
through artifical selection, for instance stiffness of straw or winter hardi- 
ness. It was in other words an application of the orthodox Darwinist 
theory of species formation through continuous variation of heredity. But 
the result was disappointing. After five years little had been achieved. 
Then, in 1892, it was discovered, somewhat by accident, that by selecting 
individual plants and breeding their offspring in isolation, much swifter 
progress could be made. This was interpreted as a picking out of stable 
forms, "elementary species", that were already present in the population. 
(See e.g. de Vries 1906.) After de Vries published his mutation theory, a 
close relationship developed between him and the leader at Sval6f, 
Hjalmar Nilsson. De Vries looked upon the new Sval6f method as a proof 
of the correctness of his theory as opposed to orthodox Darwinism (Roll- 
Hansen, 1988). 

JOHANNSEN'S SOLUTION 

Wilhelm Johannsen had also been involved in plant breeding. Much of his 
research was supported by the great fund donated by the owner of the 
Carlsberg breweries, and one of Johannsen's tasks was to produce im- 
proved varieties of barley for the brewing industry. Like the breeders a t  
Sval6f he had also come up against the stability of types, their resistance to 
displacement by mass selection. Johannsen had also learned from the 
French plant breeder Louis Vilmorin to breed separately the progeny of 
individual plants which appeared particularly promising. 

The argument of Johannsen's 1903 monograph (3ber Erblichkeit in 
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Populationen und in reinen Linien starts from Weldon's problem. Johann- 
sen wants to test the biometric law of regression by applying Vilmorin's 
principle of pedigree breeding. He hoped that in this way it would be 
possible to demonstrate a real difference between mutation and individual 
variation (Johannsen, 1903, p. 8). Johannsen had great respect for the 
statistical work done by the biometricians, Galton and Pearson, and 
dedicated his small book to Galton. But he also warned that before taking 
a biological entity as a unity one needs a sound biological analysis. A 
population that appears as a unity may consist of different types of 
organisms (p. 4--5) and he stressed the importance of a clear distinction 
between "mean" and "type", a precursor to his later distinction between 
"phenotype" and "genotype" (Roll-Hansen, 1978, pp. 212--213). A con- 
fusion of the two concepts "had only too frequently led to misunder- 
standings and false conclusions" (Johannsen, 1903, pp. 58--59). 

For his main experiment Johannsen used beans. But Johannsen's 1903 
paper klso drew on earlier experiments with barley. Both barley and beans 
are self-fertilizers, which implies that they are highly homozygous, and that 
the progeny is genetically closely similar to its parent. Johannsen had 
consciously chosen this material because there was no hybridization which 
would disturb the hereditary effects of selection that he wanted to study. 
He thought that "the behaviour of pure lines must be the foundation of the 
science of inheritance, even if most populations -- in particular human 
society -- do not consist of pure lines" (p. 9). 

By emphasizing the type of the pure line as a fundamental entity of 
genetics Johannsen did not make the full transition to a modern popula- 
tion perspective on the evolution of species. He did not come fully to 
appreciate the importance of recombination as a source of genetic varia- 
tion. He also held on to the old hierarchical conception of heredity. Like 
many other contemporary geneticists, especially on the European con- 
tinent, he accepted the chromosome theory and Mendelian laws for 
characters having to do with intraspecific differences. But he thought that 
the changes that produced new species were controlled by a different 
mechanism, perhaps one located in the protoplasm. His view was close to 
that of the "plasmon" theorists described by Jon Harwood (1984, 1985, 
1987) and Jan Sapp (1987). 

Johannsen started his bean experiment in 1901 by sowing bean seed 
which had been individually weighed and measured. Altogether 287 plants 
were harvested separately and the beans divided into classes by weight. 
According to Johannsen's own account of the experiment, given in his 
1909 textbook on genetics, the model was the selection experiments on 
sweet peas that Galton had carried out 30 years earlier. In this experiment 
Galton compared the size of seed (diameter) in two successive generations 
and demonstrated a regression toward the mean of the population roughly 
in agreement with the biometric law of regression (Johannsen 1909, pp. 
102 ff., 134; Galton, 1889, p. 225--226). 
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Analysing the relation between parent and offspring beans, following 
Galton's model, Johannsen found a similar regression for the whole 
population. But he noticed that the largest mother beans, weighing ca. 800 
mgr, gave offspring of highly variable size. The average weight of the 
beans on one plant varied between 600 and 350 mgr. He also found that 
for this class of large beans the whole offspring population did not form a 
normal binomial distribution. The skewed distribution and the inhomo- 
geneity of the offspring suggested to Johannsen that the population was 
inhomogeneous, consisting of different biological types (Johannsen, 1909, 
p. 134--137). Though the total numbers confirmed the law of regression, 
he began to doubt that the averages for the whole population expressed 
adequately the relations within one pure line. The crucial question for the 
next year of the experiment was thus whether a selection "within the pure 
line" would result in a shift of type, a Galtonian regression (Johannsen, 
1903, p. 20). 

To answer this question Johannsen traced separately the progeny for 
altogether 19 pure lines, a pure line being the descendants of one of the 
original beans. Altogether 524 seed from these 19 pure lines were sown in 
the spring of 1902. In the fall each plant was harvested separately and 
every seed weighed, 5494 seed in all. Thus Johannsen had obtained a 
material by which he could judge the effect of selecting heavy or light seed 
within a pure line. To what extent was this property carried on to the 
progeny? 

The result of the experiment was surprising to Johannsen himself. In 
accordance with de Vries' theory he had expected some effect of the 
selection of fluctuating variations, but found none. The implication was 
that even de Vries was too soft in his conception of heredity. 

Johannsen presented the experiment as an answer to the crucial test 
that Weldon had sketched. Within each pure line, he claimed, there was 
no effect of the selection of fluctuating variation. Galton's law of ancestral 
heredity (or the biometric law of regression) was valid for the total 
population, but only because it then meant a selection between lines, each 
of which had a constant type. Johannsen concluded that he had achieved 
"a complete confirmation and a complete dissolution ("Aufl6sung") of the 
well-known regression law of Galton" (Johannsen, 1903, p. 57). In other 
words, the fluctuating variability, on which the biometricians based their 
theory of evolution, was not inherited and could therefore not provide a 
basis for evolution. 

T H E  B I O M E T R I C  CRITICISM - -  ITS C O N T E N T  A N D  B A C K G R O U N D  

Pearson and Weldon wrote very critical reviews of Johannsen's bean 
experiment in Nature and in Biometrika. They maintained that rather than 
demonstrating the stability of type, as Johannsen claimed, his data showed 
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a regression which confirmed the biometric theory, i.e., continuous varia- 
tion. In other words, Johannsen was utterly confused and not even on his 
own premises could he claim support from the data he had produced. 

The review in Nature repeated Weldon's earlier view that the only way 
to decide between the biometric and the mutationist views was to investi- 
gate whether, within the pure line, "there exists regression and progression 
when we breed from variants which are not so extreme as to be at once 
classed by the 'Mutators' as new mutations" (Pearson, 1903, p. 149). Thus 
there was agreement that the salient point of dispute was the "relation 
between successive generations of individuals within the line of ancestry" 
(Weldon and Pearson, 1903, p. 500). The crucial question was whether 
Galtonian regression was to be found within a pure line or not. Pearson 
and Weldon did not only deny that Joharmsen had obtained any important 
evidence for the non-occurrence of regression but were even audacious 
enough to hold that his results demonstrated the existence of such a 
regression. 

Pearson and Weldon made a highly arrogant evaluation of Johannsen's 
methodology, perhaps enraged by his remark on the limitations on 
statistical method in biology. Their main objection was that Johannsen 
had data for only two generations and this made it impossible to apply 
the usual biometric method for calculating correlation and regression. 
Furthermore, he had treated his data in "a quite illegitimate way, which 
would make the coefficients of correlation and regression -- 0 between 
any two variables whatever" (Weldon and Pearson 1903, p. 502). 

It is right that Johannsen had used a statistical method which was primi- 
tive by the biometricians' standards. But it was an exaggeration that it 
would have given the same result whatever the data had been. George 
Udny Yule, an earlier pupil of Pearson, came to Johannsen's rescue in 
Nature, maintaining that his methods were "legitimate and sufficient for his 
immediate purpose" (Yule, 1904, p. 224). This sober defence provoked 
Pearson's scorn: "Mr. Yule's estimate of the value of Prof. Johannsen's 
experiments and statistical methods differs widely from that expressed in 
our review, but nothing is gained either in criticism or controversy by the 
mere posing of a rival ipse dixit" (Pearson, 1904, p. 224). 

The core of the substantial argument against Johannsen was a claim to 
the effect that his theory of non-regression within each pure fine implied 
non-regression for the population as a whole: 

If the offspring of every generation, within a given line of ancestry, breed true to the 
type of their line, subject to such seasonal and climatic influences as affect the whole 
generation of their year, then when the whole filial generation is compared with the 
whole parental generation, correlation between the two must necessarily be perfect... 
(Weldon and Pearson, 1903, p. 500). 

In other words, Johannsen's theory was incompatible with Galton's law of 
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regression applied to the whole population. But on this level Johannsen 
himself accepted the law. He was thus contradicting himself. This argu- 
ment is in line with Weldon's view which we quoted earlier, namely that "a 
little knowledge of the statistical theory of regression" would show the 
idea of mutations to be an illusion (Weldon, 1902, p. 374). 

But as Yule pointed out in his note to Nature, Pearson and Weldon had 
misunderstood Johannsen: 

I find it difficult to understand Prof. Johannsen's book in the sense in which the 
reviewers have, apparently, read it. In both notices it is stated that, if the author's views 
were correct, the correlation between mother and daughter plants should be perfect. As 
I take it, however, Prof. Johannsen's view does not imply, and is not consistent with, 
such a hypothesis . . .  This misunderstanding, in my view, is fundamental. (Yule, 1904, 
p. 223) 

To attribute such a blunder to Pearson and Weldon may appear audacious 
on my part. They must indeed have been very superficial or singleminded 
in their reading of Johannsen. It is, however, the only acceptable inter- 
pretation of their text that I have been able to find. A piece of circum- 
stantial evidence is that a considerable part of the review in Biometrika 
consists in calculating the regression for the whole population. Weldon 
and Pearson found it to be 0.591 _+ 0.125 which corresponded well with 
the 0.5 that had been found in other cases. "But it cannot be held to 
approximate unity!", they triumphed (p. 500). And still, in the following 
sentence they recognized that this was "a regression whose existence he 
[Johannsen] himself admits". 

The main positive evidence that Johannsen presented, namely that 
selection within the pure lines had no observable effect, was brushed off 
quite lightly by Weldon and Pearson. In addition to the methodological 
criticism they objected that there was no need, for the biometrician, to 
assume an effect of selection within the pure lines in Johannsen's experi- 
ment. What reason is there to assume "that the small and the large seeds 
from one and the same plant will lead to groups of plants bearing respec- 
tively small and large seeds?" (Weldon and Pearson, 1903, p. 502). 
Apparently Pearson and Weldon were here considering the seed as parts 
of the plants that produced them. Johannsen, on the other hand, saw them 
as independent new organisms, the start of the next generation. (See 
Johannsen and Warming, 1900, p. 679.) One may doubt the relevance of 
this objection since Johannsen was comparing two generations of beans 
within the pure lines, and not merely considering one plant and its 
offspring. But in any case it soon became irrelevant as Johannsen con- 
tinued his selection within the pure lines for following generations. 

The criticism that Pearson and Weldon levelled at Johannsen's experi- 
ment has been accepted as largely valid by some recent historiographers. 
For William Provine (1971) it even becomes a problem how the genetic 
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community could accept Johannsen's pure line theory in the face of 
Pearson's and Weldon's criticism. Provine concludes that  this was an 
example of how "the acceptance by scientists of a new idea is sometimes 
more dependent upon its a priori acceptability then upon its scientific 
proof" (Provine, 1971, p. 177). By 1910 "the pure line theory seemed so 
obvious that most outstanding geneticists accepted it without adequate 
proof" (Provine, 1971, p. 108). In other words, Provine accepts Pearson's 
judgement that the available evidence did not give sufficient grounds for 
the clear choice between the alternative theories that most geneticists 
made. 

Provine refers with approval to Pearson's 1910-criticism of the pure 
line theory (p. 105f). Here Pearson again wrote that the only way of 
settling the dispute would be "to correlate ancestry with offspring in 
species in which self-fertilization or parthenogenesis takes place" (Pearson, 
1910, p. 370). But he overlooked Johannsen's selection experiment, 
including its continuation which showed no effect after several more years. 
Johannsen published data and a thorough discussion in his 1909 treatise. 
It is possible that this book did not reach Pearson before he finished his 
paper. But it also seems clear that Pearson in general made little effort to 
follow Johannsen's research. Johannsen did, for instance, give information 
at the 1906 International Conference on Genetics in London on his 
experiments up till then (Johannsen, 1907, p. 112). The Biometrika did 
not print any review or discussion of Johannsen's 1909 treatise. 

One reason why Johannsen's genotype theory has been misinterpreted 
by historians is that its cytological basis has been overlooked. Already in 
his 1903 monograph Johannsen pointed out that the bean experiment 
gave a beautiful confirmation of the fundamental idea of Galton's "stirp'- 
theory, first published in 1876. And this theory, like Weismarm's later 
germ-plasm theory, did not fit well with the biometric law of regression, he 
added (Johannsen, 1903, p. 66). In the 1909 treatise Johannsen discussed 
the relationship of the genotype theory to cytology. For the time being it 
was not possible to build a theory of heredity on a cytological basis. But 
"of course the ideal is an interaction between cytology and experimental 
research". The investigations of Sutton, Wilson, and others, in this field 
were promising (Johannsen, 1909, p. 481--482). The historiography on 
Johannsen has tended to take too literally his statement that the "word 
gene is totally free of any hypothesis" (Johannsen, 1909, p. 124). Though 
Johannsen remained sceptical toward the chromosome theory throughout 
his life, he had a keen sense for the idea of an underlying continuity of 
stable hereditary material being expressed anew in each generation, as it 
was contained in Galton's and Weismann's theories. Johannsen in other 
words had a clear conception of the difference between transmission and 
developmental genetics. 

A considerable part of current historiography of biology tends to be 
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unclear or misleading on this point. For instance Frederick Churchill in a 
paper on Johannsen's genotype concept claims that he would have none of 
Weismann's germ-plasm theory (Churchill, 1974, p. 19), that he was "a 
chemist and statistician first" with little sense for biological questions 
(p. 28), and that he tended to "gloss over" the "critical divide between 
transmission and developmental genetics" (p. 18). Churchill's interpreta- 
tion does not fit the fact that Johannsen repeatedly criticized the bio- 
metricians for insufficient biological analysis, for not distinguishing what 
appears as a homogeneous biological entity from what really is such an 
entity. Churchill, in other words, glosses over a crucial difference between 
Johannsen's approach and that of the biomericians. This is important for 
the evaluation of the Pearson-Weldon criticism of Johannsen. The less his 
theory differed from theirs the more plausible was their criticism. 

One biometrician who immediately saw the difference was Yule. He 
appreciated the novelty and importance of Johannsen's results: 

. . .  the fact that heredity may be vanishing small within the pure fine, although quite 
sensible within the population at large is a very striking fact and, I believe, a new one. It 
must find its proper place and explanation in any complete theory of intraracial 
heredity. (Yule, 1903, p. 238) 

Yule grasped the point of Johannsen's theoretical explanation: " . . .  that 
the race consists of a number of distinct 'types', in each of which the germ- 
plasm s t ructure . . ,  is unalterable". But Yule still held on to the biometric 
theory of continuous hereditary variation as a plausible view. Though 
small in the first few generations, the effects of selection on heredity could 
still become sufficiently large over a large number of generations. To Yule 
the choice between Johannsen's theory of biological types and his own 
version of continuous variation was very much up to continued experi- 
ments with selection within pure lines (Yule, 1903, pp. 240--242). As late 
as 1906 Yule had not given up continuous variation (Yule, 1907). 

Provine notes that Yule was more favourable to Johannsen than 
Weldon and Pearson, but gives the impression that the criticism was 
basically the same (Provine, 1971, pp. 96--97). As we have seen, Yule 
explicitly stated that the main points of the Pearson and Weldon critique 
were invalid, that they had fundamentally misunderstood Johannsen's 
work. 

What Yule had suggested in 1904 was in fact that the Pearson-Weldon 
use of correlation as a measure of inheritance was fundamentally mis- 
guided. The point was elaborated by Raymond Pearl in 1911. He was an 
American geneticist and animal breeder who had been trained as a bio- 
metrician. The distinction between genotype and phenotype implies "that 
there exist two distinct categories of variation", wrote Pearl, some are 
"definitely inherited" and others are "purely somatic". The biometric law 
of ancestral inheritance, however, "entirely disregards" the existence of 
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two kinds of variation. "Upon this fundamental biological error, which is 
taken as a basic assumption, the whole super-structure of the biometric 
treatment of inheritance is reared" (Pearson, 1911, p. 117). This was  an 
elaboration on Johannsen's  point f rom 1903 that statistics alone was 
insufficient to solve biological problems. 

The extreme empiricist epistemology of Pearson which made him 
critical to the kind of distinctions that Johannsen's bean  experiment built 
on has been discussed by Bernard Nor ton  (1975a, 1975b). He  attributes 
considerable importance to this factor in explaining Pearson's  tenacious 
opposition to Mendelism. That  Weldon shared Pearson's  epistemological 
views, in contrast to Galton, is suggested by a letter f rom Weldon to 
Pearson in October  1904: 

He [Galton] is rather annoyed with me, I fear, because I cannot see the difference 
between "inherited" and "acquired" characters. -- I don't believe there is any and 
although he is very kind about it, he thinks me a muddle-headed ap, all the same. 3 

A full explanation of Pearson's  behaviour in the discussion over pure lines 
would also have to include his arrogant personality. Johannsen in 1905 
wanted to visit Pearson to learn about his statistical methods, but got a 
rather rude and unwilling answer. Pearson in a letter to Weldon described 
his answer to Johannsen: 

The enclosed letter from Johannsen is amusing. I shall not be back till May 3 and so I 
wrote and told him so. I also said that while I should be pleased to see him, I could not 
hope to teach him anything in the first four days of term, or in any four days at any 
time. I ventured also to say that I had no prejudices against "pure lines" as such, but 
only against defective methods of demonstrating their existence. I wish he would stick 
to Bateson and leave me alone! 4 

The reaction of Pearson and Weldon to Johannsen's experiment in 1903 
is an example of irrational judgement by first-rate scientists. A combina- 
tion of straight-forward misunderstanding with arrogance and animosity 
leads to an unrealistic evaluation of the strength and future possibilities of 
Johannsen's ideas. The mistake was not in upholding, for the time being, 
the biometric theory of inheritance but in presenting, and holding on to, 
an inadequate criticism of Johannsen's experiment. 

ON HOW TO EXPLAIN THE RECEPTION OF JOHANNSEN'S EXPERIMENT 

As I have already said, there is little disagreement among historians that 
Johannsen's pure line theory was quickly accepted by most  geneticists. 
The problem of Provine is to explain why this happened,  despite the weak 
evidence in Johannsen's favour. Provine is in other words asking for an 
explanation of scientific belief by extra-scientific factors. By "extra- 
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scientific" I mean factors other than evidence and argument generally 
accepted as relevant to theory choice in science. Typical extra-scientific 
factors are those listed by Barry Barnes and David Bloor (1982, p. 23): 
" . . .  part of routine cognitive and technical competences . . .  support by 
authorities of the society .... patterns of vested interest . . .  furthering 
shared goals . . .",  etc. An explanation or interpretation of scientific 
behaviour or scientific beliefs that attribute the main role to "extra- 
scientific" factors, can be called relativistic. 

A relativistic interpretation of the controversy between biometricians 
and Mendelians has been developed by Donald MacKenzie and Barry 
Barnes (MacKenzie and Barnes, 1975, 1979; MacKenzie, 1981). This 
controversy over continuity or discontinuity in hereditary variation has 
become one of the standard examples of how scientific belief is deter- 
mined by social factors (see e.g. Shapin, 1982). To MacKenzie and Barnes 
it appears clear that "incommensurability existed between the assertions 
and arguments of the two sides, and that their differences could not 'be 
unequivocally settled by logic and experiment alone'" (MacKenzie and 
Barnes, 1979, p. 200). 

An important premise in the argument of Barnes and MacKenzie is that 
the biometricians were on par scientifically. MacKenzie and Barnes have a 
high opinion of Pearson's scientific competence in biology. They cannot 
help preferring "das meisterhafte, anspruchsvolle, verfeinerte Denken Karl 
Pearsons gegenfiber der Nachl~issigkeit und gelegentlichen Inkompetenz 
seiner Widersacher" (MacKenzie and Barnes, 1975, p. 193). In accor- 
dance with Provine's account they hold that "certainly Pearson did not 
oppose Mendelism out of either ignorance or misunderstanding -- quite 
the contrary" (MacKenzie and Barnes, 1979, p. 200). 

But, as I have mentioned, Pearson also had general philosophical 
reasons for rejecting Johannsen's theory. Stephen Turner, in correspon- 
dence, has pointed out to me that Pearson's rejection of the pure line 
theory was rational in the sense of being logically coherent. He gave 
methodological reasons for his stand, and he presumably believed that 
these reasons provided a sound and realistic scientific argument. However, 
his biological conclusions were mistaken, as was gradually recognized by 
other geneticists. Thus the end result of his methodological argument in 
favour of a continuous change in heredity, was not to legitimate this idea, 
but rather to throw his methodology into doubt. Turner, as I interpret him, 
admits that Pearson's biological claims turned out to be untenable, but 
maintains that Pearson's methodological arguments against Johannsen 
continued to be vafid. 

One can understand, however, why biologists found Pearson's method- 
ological arguments scientifically weak. At their basis were analogies that 
appeared arbitrarily chosen in order to counter the biological intuition of 
natural kinds like species or genes. For instance, in the second edition of 
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The Grammar of Science (1911) Pearson argued for the view that "The 
Ultimate Elements of the Inorganic as of the Organic Universe may be 
Individual and not Same" (p. 155--156). He compared the continuous 
variation among sea-shore pebbles and the consequently conventional 
character of their classification according to size to the presumed identical 
character of chemical molecules belonging to the same class. And he 
argued that because we have direct experience of the pebbles they are the 
preferable analogy for the ultimate elements. However, it is easy to see 
that by choosing living organisms as the analogy one would arrive at quite 
different intuitions about the elements. 

Prominent geneticists who publicly commented on Johannsen's bean 
experiment in the first couple of years after 1903 found them potentially 
very important. They agreed that if the results could be generalized, 
Johannsen's concept of a stable biological type would represent an 
important contribution to the foundation of an exact science of heredity. 

In a review paper of experimental investigations on the formation of 
botanical species Carl Correns thought it likely that Johannsen's con- 
clusions had general validity and that the last remnant of a role for 
"individual variation" in the formation of new species would now be 
removed (Correns, 1904, p. 41). The British geneticist R. H. Lock in his 
influential book of 1906, Recent Progress in the Study of Variation, 
Heredity and Evolution, discussed the "remarkable observations" of 
Johannsen and thought them likely to lead to a "distinct advance in our 
understanding of the process of so-called continuous variation, and of the 
way in which such variation is transmitted" (Lock, 1906, p. 108). 

The striking stability of the biological type was Johannsen's central 
result. Selection alone cannot change it. Only through mutation or hybridi- 
zation does the germ-plasm change. Johannsen had demonstrated this on 
self-fertilizing plants. To become a general genetic principle it needed 
testing on a variety of organisms. It was particularly important that it be 
tested on animals, especially higher animals. But these are cross-breeding 
and have no pure lines and a clear test was therefore difficult. 

One experiment which attracted much attention was carried out by 
Raymond Pearl. He had studied biometric methods with Pearson, and he 
sat on the editorial board of the journal Biometrika that Pearson, Weldon 
and Galton had started in 1901. Pearl analyzed the effect of selection on 
fecundity of hens and found that nine years of selection for high egg- 
production in a high-yielding race had no recognizable effect (Pearl and 
Surface, 1909). This experiment, as well as the selection experiments on 
the non-sexually reproducing microscopic animal Paramecium by the 
American geneticist Herbert Jennings, were sharply criticised by Pearson 
(1910). 

In January 1910 Pearson removed Pearl from the editorial board of 
Biometrika, by simply abolishing the board. "It is a disadvantage to the 
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journal and the cause I have at heart", wrote Pearson to Pearl, "to be told 
that the subeditors of the Journal are opposed to the principles for which 
it was founded" (quoted from Kevles, 1980, p. 448), Charles Davenport, 
another American geneticist trained as a biometrician, shared Pearl's fate. 
Pearson did not want collaborators who sympathised with Johannsen's 
views (Kevles, 1980, pp. 448--449). 

Other evidence supports the conclusion that the pure line theory had a 
strong impact on Pearson around 1910, after the publication of Johann- 
sen's Elemente. Pearson never published the second volume of the third 
enlarged edition of The Grammar of Science. This second volume was 
to treat biology (Pearson, 1911, p. VII). Likewise the second part of 
Pearson's 1910 review article on the pure line theory appears never to 
have been published. 

In December 1910 The American Society of Naturalists organized a 
symposium on the pure line theory with Johannsen as invited guest and 
most of the major American geneticists as participants. Because of health 
problems Johannsen did not attend, and his paper was read in absentia. 
But he did go to America in September 1911 and stayed for about half a 
year. (See Roll-Hansen, 1978, note 107.) Many of the papers were later 
published in The American Naturalist, and only one of these, by J. Arthur 
Harris, contained any serious criticism of the pure line theory. 

I have depicted Johannsen's selection experiment with beans as a 
crucial experiment discriminating between continuous and discontinuous 
change in heredity. It also discriminated between what Ernst Mayr has 
called "soft" and "hard" inheritance. By soft inheritance he understands 
"gradual change in the genetic material itself" (Mayr, 1980, p. 15). In my 
use of continuous and soft inheritance I take the temporal dimension to be 
essential. As I have already emphasized it was the "continuity" of change 
in time that was at issue between Johannsen and the biometricians, not 
whether there is a "continuity" in the phenotypical properties. Though 
Johannsen in 1903 rejected continuous variation of the biological "type" 
in favour of a mutation theory, he did at the same time believe that the 
mutations could be small, so small that the observed variation in the 
phenotype would be continuous (Johannsen, 1903b, p. 539). Already at 
this stage the real conflict was not about the magnitude of the variations 
but about their nature. 

"It was perhaps the greatest contribution to the young science of 
genetics to show that soft inheritance does not exist" wrote Mayr (1980, p. 
17). In this development Johannsen's selection experiment played a 
central role, according to my account. Mayr is unwilling, however, to give 
Johannsen any major credit for this development. On the contrary Mayr 
holds that he continued to confuse genotype and phenotype even after 
1910 (Mayr, 1980, p. 14), and that this is "particularly obvious in his 
treatment of continuous variation" (Mayr, 1973, p. 130). Mayr has also 
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given a positive evaluation of Provine's analysis of Johannsen's work. 
Provine's independence as an historian of genetics is "documented by his 
critical evaluation of Johannsen's work" (Mayr, 1973, p. 145), "Provine 
brings out, far better than the previous literature, that the arguments of the 
biometricians were not as silly as they are sometimes made out to be" (p. 
148). Apparently Mayr has not seen the weakness in the Pearson-Weldon 
criticism of Johannsen's pure line experiment. He also reveals a lacking 
sense for the difference between the two sides in the dispute in asserting 
that Mendelians and biometricians made the same fundamental error in 
assuming that "there is no distinction between changes in what we now call 
genotype and phenotype" (Mayr, 1973, p. 146). 

As far as I can see Mayr has not produced any good evidence for the 
claim that Johannsen was confused with respect to the distinction between 
genotype and phenotype. But it is correct that he did not think about 
Mendelian recombination in a modern way. He did not give it any 
important role in the formation of species. In his view Mendelism and 
chromosome theory had mainly to do with intraspecific differences. 
Interspecific differences depended on other mechanisms of inheritance. 
(See, for instance, Johalmsen, 1909, pp. 317--330; 1923.) He was, like de 
Vries and Correns, in disagreement with the emerging neo-Darwinian 
synthesis on this point. But he was not therefore confused. 

A further example may serve to illustrate how insufficient penetration 
of the scientific problem situation can lead to historiographical misinter- 
pretation. In support of the view that Johannsen was confused, Provine 
refers to the paper that Johannsen presented at the Third International 
Conference of Genetics in London in July 1906. The central problem of 
this paper is expressed in the title, "Does Hybridization Increase Fluctuat- 
ing Variability". It had been suggested that hybridization produced or 
stimulated continuous variation and that this increased variation was in 
part hereditary. Or in other words: Johannsen's inbred pure lines lacked 
hereditary continuous variation because they were free from hybridization 
(Johannsen, 1907, 15--107). In this paper Johannsen reported that 
hybrids between two pure lines of his beans were intermediate in prop- 
erties but showed no more variation than each of the parent lines. So far 
the answer to the question was negative, and this indicated that hybridiza- 
tion per se was not a source of extra continuous variation that could be 
inherited, argued Johannsen. That the F2-generation as well as later 
generations would segregate and thus produce increased and hereditary 
variability, he was well aware of. 

Provine, however, takes the paper to claim that the limits to hereditary 
variation due to recombination would be the types present in the F 2- 
generation. As it turned out this would have been a mistaken view 
(Provine, 1971, p. 99). As far as I can see, this question about the limits to 
recombination was not posed in Johannsen's paper. He did not even 
present any data for the F2-generation. 
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The historiography of genetics does contain alternatives to the Provine- 
Mayr interpretation of Johannsen, though they are mostly brief and 
sketchy. Leslie Dunn in A Short History of Genetics is in good accord with 
my account of Johannsen's experiment: The temporary biometric opposi- 
tion to Mendelism, largely confined to the English school under Pearson, 
built on the mistaken assumption "that continuity of variation of charac- 
ters was an expression of continuous or blending genetic variation". 
Johannsen, however, "succeeded in removing the basic cause of conten- 
tion" by showing "that breeding tests, and only these, were valid bases for 
distinguishing between inherited variations due to gene differences and 
continuous variations due to non-genetic causes" (Dunn, 1966, p. 120). 
Provine in his book does not explicitly discuss Dunn's interpretation, nor 
that of other writers who have expressed a similar view (e.g., Wilkie, 1962, 
Sturtevant, 1965, and Carlson, 1966). MacKenzie and Barnes (1975, p. 
165) wrote that the controversy between biometricians and Mendelians 
was well suited for a sociological investigation because it had been 
thoroughly researched and there were hardly different views among the 
historiographers. But they referred to none of the authors just mentioned, 
only Provine. 

Continuity or discontinuity in hereditary variation -- that was the big 
debate out of which grew the gene concept on which modern genetics was 
founded. Till now the historiography of these events have tended to focus 
on the English scene with its sharp personal conflicts between the camp of 
Bateson and that of Pearson and Weldon. There is little doubt that the 
English controversy between "biometricians" and "Mendelians" illustrates 
how social and psychological factors can affect scientific beliefs and 
retard, or speed up, scientific development. Pearson apparently continued 
to reject Johannsen's pure line theory till his death in 1936. Weldon, 
however, died in April 1906, at the height of the debate. Lyndsay Farrall 
has suggested that he was by then moving toward acceptance of Mendel- 
ism (Farrell, 1975, p. 292). 

If we consider the wider context of international genetic research a 
clear preference for Mendelism had developed by ca. 1910. Strong 
evidence had accumulated in favour of the view that the hereditary 
elements change discontinuously. However, there are significant reserva- 
tions to this general picture of triumphant Mendelism. There still existed 
serious challenges to the idea of "hard inheritance". William Castle did not 
give up his "contamination" theory till 1918 (Carlson, 1966, p. 38). And 
in Germany various theories implying "soft inheritance" were considered 
as serious alternatives to the standard view by many geneticists well into 
the 1930s (Harwood, 1985, pp. 286--7). This uncertainty on the most 
general theoretical level does not affect our interpretation of the dispute 
between Johannsen and Pearson. For selection within pure lines of beans 
and similar self-fertilizing organisms there existed by ca. 1910 no good 
reason for doubting that Johannsen was right and Pearson wrong. 
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PHILOSOPHICAL DISCUSSION 

It is surprising how willingly it is assumed in much contemporary history 
and sociology of scientific knowledge that there exist powerful philosophi- 
cal arguments which demonstrate that scientific beliefs are as relative to 
their cultural context as political or religious beliefs. The two arguments 
most frequently referred to are the "thesis of the underdetermination of 
scientific theories by evidence; and the thesis of the theory-ladenness of 
observation" (Knorr-Cetina and Mulkay, 1984, p. 3). 

With respect to the so-called Quine-Duhem thesis of undetermination it 
is worth noting that Pierre Duhem took clear reservations when he 
formulated his claim that scientific hypotheses are not tested in isolation 
but as part of a whole system. He explicitly exempted the science of 
physiology, referring to the methodology of Claude Bernard (Duhem, 
1914, p. 180). Furthermore, the argument he presented in terms of 
analogy and historical example clarified his thesis and made it likely for 
some cases. But his examples of theory-systems extended only to a limited 
part of physics, and he did not attempt to prove that such tests n e v e r  take 
place. He did nevertheless make a quite strong generalization: 

The only experimental check on a physical theory which is not illogical consists in 
comparing the entire system of the physical theory with the whole group of experimental 
laws, and in judging whether the latter is represented by the former in a satisfactory 
manner (p. 200). 

Still, this is a far cry from Quine's brash claim about science in general: 
"Any statement can be held true come what may, if we make drastic 
enough adjustments elsewhere in the system" (Quine, 1963, p. 43). And 
even Quine would presumably protest against relativists who assume that 
this is not merely a logical possibility but a valid generalization about 
scientific practice (Knorr-Cetina and Mulkay, 1984, p. 3). 

Also for physics it has recently been claimed that crucial experiments 
do in fact exist. A. Franklin and H. Smokler (1986) have argued that the 
experiments on parity nonconservation in 1957 provided the basis for 
an unambiguous choice between theories. Their case from physics is, 
however, methodologically quite different from my biological case. 
Apparently we have more or less opposite views on the relevanc e of the 
Quine-Duhem thesis to a theory about crucial experiments. Franklin and 
Smokler accept the holistic epistemology of the Quine-Duhem thesis and 
argue that it is precisely "the very general nature of symmetry principles" 
which allow them to be refuted (Franklin and Smokler, 1981, p. 111). I 
would like to suggest that this divergence of views does not point to any 
fundamental methodological difference between biological and physical 
science, but that certain general properties of science are more easily 
discerned from biological than from physical cases. 
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The second thesis, about theory-ladenness of observations, has been 
interpreted to say that "observations are theory-impregnated in the sense 
that what counts as relevant and proper evidence is partly determined by 
the theoretical paradigm which the evidence is supposed to test" (Knorr- 
Cetina and Mulkay, 1984, p. 4). This thesis is based on Thomas Kuhn's 
notion of incommensurability of different paradigms and denies that 
"'observations' remain stable and relevant under a specific description 
across competing or successive theories" (p. 4--5). 

Laudan et ai. (1986) list 17 claims on which there is widespread 
agreement among theoreticians of scientific change. On this list we find 
the following versions of the theses of underdetermination and theory- 
ladenness: 

Data do not fully determine theory choice. Observations and experiments do not 
provide a sufficient base for unambiguous choices between sets of guiding assumptions 
or between theories (p. 154). 

There are no neutral observations in science, rather they are all theory-laden, 
although not necessarily laden with the theories whose competition they arbitrate (p. 
155). 

The selection experiments which Johannsen initiated led by 1910 to a 
clear conclusion that, at least for certain types of organisms and condi- 
tions, change in heredity was discontinuous rather than continuous. In this 
respect the case is a counter-example to the first thesis. If maintained only 
for highly general theories or guiding assumptions, it may still be valid, 
however. (By "guiding assumptions" Laudan et al. refer to fundamental 
principles, for instance in Kuhn's paradigms or Lakatos' research pro- 
grammes.) 

The second thesis is ambiguous. On the one hand it rejects neutrality 
and on the other it opens the possibility of observations that are neutral 
relatively to the theories that are up for discussion. It is when this thesis is 
stated without the last clause, or with a weaker version of this clause, that 
it becomes clearly controversial, and stands in conflict with my case study 
of Johannsen. 

Another formulation of underdetermination which Laudan et al. attri- 
bute to Feyerabend, Lakatos, Laudan and Kuhn, and which does not fit 
my case study, is: "Empirical difficulties confronting a theory are never 
sufficient to cause the rejection of that theory" (p. 173). Similarly proble- 
matic is the claim, attributed to Kuhn, that "empirical d a t a . . ,  differ when 
different guiding assumptions are applied to the same natural phenomena" 
(p. 174). In my case there are data which appear not to be affected by 
conflicting guiding assumptions, if we assume that biometricians and 
Mendelians adhere to different guiding assumptions. 

On the other hand Laudan et al. also list statements from the historical 
school which tend to go against underdetermination and theory-ladenness, 
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and which are supported by my case study. This pertains for instance to 
three claims made about the "appraisal of theories". Such appraisal 

--  is based on phenomena which can be detected and measured without using assump- 
tions drawn from the theory under evaluation (p. 172). 

- -  occurs in circumstances in which scientists can usually give reasons for identifying 
certain problems as crucial for testing a theory (p. 173). 

- -  depends on certain tests regarded as "crucial" because their outcome permits a clear 
choice between contending theories (p. 173). 

As indicated in the preceding discussion I have concentrated on choice 
between theories rather than choice between guiding assumptions. It is on 
the level of less general theories that unambiguous choices are most likely 
to be made, The post-positivist theories of scientific change have tended to 
consider the guiding assumptions, "paradigms", "research programmes", 
etc., as particularly long-lived parts of the conceptual structure of science 
and as the most important for understanding scientific change (Laudan et 
al., p. 154). My perspective suggests a return toward more traditional 
emphasis on observable facts and theories close to observation as well as 
an avoidance of unrealistically strict criteria for acceptability of knowl- 
edge. It is an approach of the kind that Thomas Nickles has called 
"satisficing" as opposed to "maximizing" (Nickles, 1986, 285 if). The aim 
is to acquire a knowledge that can satisfy our needs rather than one that is 
maximally true. 

Sometimes the core of relativism is formulated as a principle of sym- 
metry or equivalence in the sociological explanation of scientific belief. 
For instance Barry Barnes and David Bloor hold: 

Our equivalence postulate is that all beliefs are on a par with one another with respect 
to the causes of their credibility. It is not that all beliefs are equally true or equally false, 
but that regardless of truth and falsity the fact of their credibility is to be seen as equally 
problematic. (Barnes and Bloor, 1982, p. 23) 

In contradiction to this principle I propose that there is a fimdamental 
asymmetry in the explanation of scientific beliefs. On the empirical level, 
close to direct observation and experience, claims can be formulated 
which simply have to be accepted as true by any competent scientist who 
critically examines the experimental and observational evidence. Such 
agreement represents a concrete case of nature restraining scientific belief, 
while a negation of this restraint cannot be explained in the same way. 
Pearson's continued rejection of Johannsen's pure line theory is an 
example. Misunderstanding was a major factor in the first response. 
Unwillingness to admit the mistake seems to have been crucial to his 
continued rejection. For a satisfactory explanation we have to add psycho- 
logical factors that are usually considered irrational in scientific discourse. 

The sociological and historiographical explanations of the relativists 
themselves are not free from appeals to the asymmetry between true and 
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false or rational and irrational claims. For instance, Barry Barnes has held 
in response to my criticism of his historiography of genetics that it is easy 
"to make out the judgement of the biometricians as the more rational" 
relatively to that of the Mendelians (Barnes, 1980, p. 690) and that 
Johannsen's inferences from his bean-experiment were "erroneous" (p. 
691). 

A bold reference to the dispute between Mendelians and biometricians 
is found in a short paper by Stephen Turner (1986). He argues against 
Dudley Shapere in favour of a relativist view of scientific development and 
claims that if society had invested in the research programme of Pearson 
rather than that of Bateson our genetics textbooks would have been quite 
different from what they are. 

If Pearson's expectations, rather than those of his opponents, had become the 
beneficiary of the investments of contemporary genetics, genetics would have continued 
to develop. But what would have been taken as given, or "internalized" in Shapere's 
sense, would have been very different from what is in the textbooks we all learned our 
genetics from. (Turner, 1986, p. 17--18) 

Presumably Turner is claiming that some of the disputed issues would 
have been decided differently from what they actually were. But he does 
not specify possible differences nor does he give further argument to 
support his counterfactual claim. 

If my interpretation of the Pearson-Weldon criticism of Johannsen's 
pure line experiment is correct, it is not a case that supports a relativist 
view of science. The gradual acceptance of the pure line theory and hard 
inheritance in the years from 1903 up to ca. 1915, and the corresponding 
rejection of the biometric theory of continuous variation, was well founded 
in the experimental results that were produced, by Johannsen and by 
others. The choice made by the genetic community corresponds to what 
nature was, and is, like. We do not have a case where "the natural world 
has a small or non-existent role in the construction of scientific knowl- 
edge", as the relativist sociologist Harry Collins expresses it (Collins, 
1981, p. 3). What happened was rather that "Nature herself" played a 
crucial role in the "social construction" of the resulting knowledge. It looks 
like a train of events which could help answer Donald Campbell's ques- 
tion: "Under what social system of belief, communication, and target 
characteristics the role of the natural world would be maximized" (Camp- 
bell, 1986, p. 115). Johannsen produced the kind of evidence that gave a 
clear cut answer to the question that Weldon had formulated. One could 
say that the "social construction" of such crucial experiments is one way to 
maximize the ability of science to produce objectively valid knowledge. 

Let me stress that I am not arguing for a wholesale rejection of 
"relativist" or "constructivist" sociology of scientific knowledge. Firstly, 
there are positions which call themselves "relativistic" and which do not 
seem fundamentally different from mine. For instance, I interpret Donald 



3 2 6  NILS R O L L - H A N S E N  

Campbell to share the basic idea of asymmetry with respect to the 
explanation of scientific beliefs. He holds that "for scientific beliefs, 
validity must come from the contribution of the referent of belief to the 
selection process" (Campbell, 1986, p. 118). Secondly, the validity of 
empirical results do not depend on the validity of the theoretical principles 
which have produced them. 

In general the recent emphasis on studies of the "subjective side of 
science" has brought to light many factors of prime importance for a 
comprehensive historical or sociological account of the development of 
science. A good example of rhetorical analysis with relevance to my case 
study is Jan Sapp's discussion 0f the "discursive tactic" associated with 
Johannsen's phenotype/genotype distinction (Sapp, 1987, pp. 36--44). I 
only object when such approaches are combined with a neglect or denial 
of the characteristic objective and rational aspects of the scientific enter- 
prise. 

A major weakness of much recent sociology of scientific knowledge is 
lack of precision in problems posed and conclusions reached. Harry 
Collins, for instance, in his book Changing Order makes a valiant attack 
on something called "the algorithmical model", which he defines to include 
some clearly unrealistic ideas about the workings of science. Few if any 
professional scholars in science studies would hold such a view, and 
Collins' own "enculturational model" can thus score an easy victory 
(Collins 1985, 159 if). Such polemics is a hindrance to progress in the 
field. I believe concentration on a few selected historical and contem- 
porary cases would help eliminate vagueness and ambiguity. Even if the 
testing against historical cases does not lead to much in terms of generally 
accepted theory, the exercise may be helpful in sharpening our concepts 
and questions and thus avoiding some spurious discussions. 

I have argued in this paper that in an important sense there are crucial 
experiments in biology, experiments that played a decisive role in the 
theoretical development. It is my hope that a focused and precise 
analytical approach can give empirical studies a more crucial impact on 
theories of science as well. And it is my suggestion that the discovery of 
facts like the genetic stability of the pure lines deserve more attention in 
science studies. It is on this level close to observation that one is likely to 
find a steady accumulation of scientific knowledge. Investigations of the 
production and use of such facts may become a strategic research site for 
coming debates about the nature of scientific objectivity. 

NOTES 

A preliminary version of this paper was presented in October 1985 at the Science 
Studies Center, Virginia Tech, in connection with a project to test philosophical theories of 
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science against its history. (See Laudan et al., 1986.) I also want to thank Stephan 
Amsterdamsky, Richard Burian, Lorraine Daston, Jonathan Harwood, Robert Olby, 
Stephen Turner and two anonymous referees of Biology & Philosophy for useful critical 
comments. A thorough rewriting of the paper took place at the Wissenschaffskolleg zu 
Berlin during the winter of 1987/88. 
2 My conception of this problem as well as my analysis of the paradigms of the two 
schools that attempted to answer it has benefited much from discussions with Gerrit van 
Balen. (See e.g. Balen, 1985.) 
3 Weldon to Pearson, 16 October 1904. Pearson papers, D. M. Watson Library, Uni- 
versity College, London. 
4 Pearson to Weldon, 10 April 1905. Pearson papers, D. M. Watson Library, University 
College, London. 
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