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This book deals with issues in the area of intersection between the history and 
philosophy of science. Using Copernicanism, Darwinism, and Freudianism as 
 scientific traditions, it aims to show that a tight connection exists between science 
and philosophy. There are many more connections between Copernicus, Darwin, 
and Freud than their respective contributions to the completion of the Copernican 
revolution. The study of Copernicanism, Darwinism, and Freudianism shows that 
scientific approaches to the world naturally and inevitably lead to philosophical 
consequences.

Freud saw that scientific ideas change the way we think about the world. With 
his heliocentric view, Copernicus displaced humans from the physical center of the 
universe (1543). With his evolutionary theory, Darwin inserted humans into the 
organismic order of nature (1859). According to Freud, both Copernicus and 
Darwin dealt severe blows to the proud image of humans as masters of the uni-
verse. Freud saw himself as completing the cycle of disparagement by destroying 
the belief that humans were “masters in their own house” (1916).

But the impact of scientific ideas on human self-images is only a small part of the 
philosophical consequences that scientific theories typically have. The present book 
is a study of three revolutions in thought and their philosophical consequences. It 
is an exercise in an integrated approach to the history and philosophy of science. 
Chapter I is devoted to the transition from geocentrism to heliocentrism. Chapter II 
focuses on the momentous shift in views on the nature of organic life that will for-
ever be associated with the name of Charles Darwin. Chapter III discusses Freud’s 
shift from Enlightenment rationality to unconscious motivations as the driving 
force of human behavior. A glance at the table of contents will show the reader 
that each chapter selects a number of philosophical issues, which derive from the 
study of the respective traditions in the history of scientific ideas.

The title of the book, Copernicus, Darwin, and Freud: Revolutions in the History 
and Philosophy of Science, conveys, as illustrated in the discussion of Copernicanism, 
Darwinism, and Freudianism, a threefold message: first, that human views of the 
surrounding natural and social world constantly adapt to new scientific discoveries; 

Introduction
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2 Introduction

second, that as science progresses, the achievements of former ages come under 
further scrutiny; and third, that philosophical consequences are necessarily 
 implicated in these changes. I do not mean to claim that a process of constant 
uprooting and rebuilding of the edifice of knowledge takes place. Such a discon-
tinuous view of the growth of scientific knowledge is mistaken, as the discussion of 
scientific revolutions will attempt to show. I mean that established knowledge will 
be inserted into new problem situations, which will result in modifications on many 
levels. Popper was right in saying that all scientific knowledge is conjectural 
 knowledge. And as long as humans inhabit the solar system, it is to be expected 
that new ways of thinking will emerge and will reevaluate the place of human 
beings in the wider cosmos. Even though today’s humans possess more quantita-
tive knowledge, boast more technological prowess than Newton’s contemporaries, 
Newton’s abiding image still rings true: we are still like children, playing with 
 pebbles on a beach, while a vast unknown ocean lies before us.
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The mathematician who studies the motions of the stars is surely like a blind man 
who, with only a staff to guide him, must make a great, endless, hazardous 
 journey that winds through innumerable desolate places. [Rheticus, Narratio 
Prima (1540), 163]

1 Ptolemy and Copernicus

The German playwright Bertold Brecht wrote his play Life of Galileo in exile in 
1938–9. It was first performed in Zurich in 1943. In Brecht’s play two worldviews 
collide. There is the geocentric worldview, which holds that the Earth is at the 
center of a closed universe. Among its many proponents were Aristotle (384–322 BC), 
Ptolemy (AD 85–165), and Martin Luther (1483–1546). Opposed to geocentrism 
is the heliocentric worldview. Heliocentrism teaches that the sun occupies 
the center of an open universe. Among its many proponents were Copernicus 
(1473–1543), Kepler (1571–1630), Galileo (1564–1642), and Newton (1643–1727).

In Act One the Italian mathematician and physicist Galileo Galilei shows his 
assistant Andrea a model of the Ptolemaic system. In the middle sits the Earth, sur-
rounded by eight rings. The rings represent the crystal spheres, which carry the 
planets and the fixed stars. Galileo scowls at this model. “Yes, walls and spheres and 
immobility,” he complains. “For two thousand years people have believed that the 
sun and all the stars of heaven rotate around mankind.” And everybody believed 
that “they were sitting motionless inside this crystal sphere.” The Earth was 
motionless, everything else rotated around it. “But now we are breaking out of it,” 
Galileo assures his assistant. In the new model stars are no longer “fixed to a crystal 
vault”; they are allowed to “soar through space without support.” [Brecht 1963; 
Blumenbach 1981, Vol. III, 762–82]

In Act Two learned scholars, a Mathematician and a Philosopher, visit Galileo in 
his study to look at the Jupiter moons through the newly discovered telescope. 
Galileo briefly explains the failings of the Ptolemaic system to them. It simply is not 

I

Nicolaus Copernicus: 
The Loss of Centrality
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4 Nicolaus Copernicus: The Loss of Centrality

consistent with the facts. The planets are not “where in principle they ought to be.” 
And the motions of the Jupiter moons around their planet, Galileo’s great 
discovery, can simply not be explained on the Ptolemaic system. So much for 
words! Seeing is better than talking. Rather naively, Galileo asks his learned guests 
whether they would “care to start by observing these satellites of Jupiter.” 
Unfortunately for Galileo both the Mathematician and the Philosopher refuse 
Galileo’s invitation. Rather than observations, they demand “a formal dispute” in 
the scholastic tradition. “Mr. Galileo,” asks the Philosopher, “before turning to 
your famous tube, I wonder if we might have the pleasure of a disputation? Its 
subject can be: Can such planets exist?” Galileo simply wants them to “look through 
the telescope” and convince themselves. “Of course, of course,” says the 
Mathematician, “I take it you are familiar with the opinion of the ancients that 
there can be no stars, which turn round centers other than the Earth, nor any, 
which lack support in the sky?” Brecht only dramatized a real event. In a letter to 
Johannes Kepler (dated August 19, 1610), Galileo laments the steadfast refusal of 
scholastic professors, like Cesare Cremonini, a humanist at the University of Padua, 
to view the moon and the planets through the newly invented telescope. 
[Blumenberg 1955, 637]

2 A Clash of Two Worldviews

In his play, Brecht captures the clash of two worldviews brilliantly as he charts out 
the dialogue which might have developed between Galileo and his scholarly visitors. 
The disputation ends to the dissatisfaction of both parties. Soon the visitors leave 
without ever having glanced through the telescope. Adherence to the geocentric 
(Earth-centered) worldview makes Galileo’s visitors disparage his appeal to obser-
vational evidence. Adherence to the heliocentric (sun-centered) worldview makes 
Galileo distrust the usefulness of learned disputations. In order to understand how 
the respective supporters of the two opposing worldviews came to clash so  violently, 
as dramatized in Brecht’s play, we have to look more closely at their presupposi-
tions. We have to scrutinize the structure of the geocentric and the heliocentric 
worldviews.

Geocentrism predates heliocentrism by a millennium and a half. Copernicus 
knew of an ancient precursor: Aristarchos of Samos, who had proposed the concep-
tion of a moving Earth. But geocentrism remained the official explanation of the 
structure of the universe until its slow erosion in the sixteenth and seventeenth 
centuries. The dialogue between Galileo and his visitors could have taken place in 
the summer of 1610. The Copernican hypothesis had been known for 67 years. 
It would take another 77 years, until the publication of Newton’s Principia (1687), 
before the geocentric worldview finally conceded defeat. It took 144 years of active 
debate and research for the Copernican view to establish itself. Can a scientific 
revolution take that long? What is important about a revolution is not its length 
but its depth. What makes a change revolutionary is its upheaval in an established 
structure, a reversal of viewpoints, a replacement of presuppositions. It is a general 
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 Nicolaus Copernicus: The Loss of Centrality 5

rearrangement of elements in a network, be it conceptual, political, or social. Some 
elements in the system are displaced, some replaced, and others remain. To under-
stand a scientific revolution – the tangle of philosophical and scientific elements – 
we need to understand the system before its rearrangement. So to understand the 
Copernican revolution, we need to understand the geocentric worldview.

2.1 The geocentric worldview

Now the ancients build up one heaven upon another, like layers in a wall, or, to 
use a closer analogy, like onion skins: the inner supports the outer (…). [Kepler, 
Epitome (1618–21), Bk. IV, Part I, §3 (21)]

Geocentrism is much more than the view that the Earth resides motionless at the 
center of the universe. It amounts to a worldview that emerged in two phases. 
First, Aristotle provided a physical cosmology – the larger architecture of the 
cosmos. His cosmology included an important theory of motion. Aristotle advanced 
some unsatisfactory ideas about the motions of the planets. In a second phase 
Ptolemy furnished the mathematical astronomy – the geometry of the planetary 
motions. The Greek division of labor between physical cosmology and mathemati-
cal astronomy hindered the development of astronomy for centuries. [Dikjsterhuis 
1956, §77, 146; Mittelstraß 1962, Ch. 4.4; de Solla Price 1962] For it separates 
the dynamic question of physical causes – why planets move in particular ways – 
from the kinematic question of motion – how the motion of these bodies can be 
described mathematically. In his Almagest (published around AD 150), Ptolemy 
explicitly embraces this distinction. Physics deals with the corruptible bodies on 
Earth; it amounts to no more than guesswork, which is due to the “unclear nature 
of matter.” Mathematics, however, provides certain knowledge, since it investi-
gates the nature of “divine and heavenly things.” [Ptolemy 1984, 36] This 
 separation was to last until Kepler’s discovery of planetary laws at the beginning of 
the seventeenth century. As a worldview, geocentricism claimed to provide a 
 scientific account of what was then regarded as the cosmos. It engaged its adher-
ents in a number of philosophical commitments. It presented to its believers a 
comprehensive and coherent view of the universe. So did heliocentrism. With so 
much at stake, Brecht’s play rightly depicted the frosty encounter of three scholarly 
men in 1610 as a clash between worldviews.

2.2 Aristotle’s cosmology

Aristotle constructs his cosmology on the basis of a two-sphere universe and a 
theory of motion. Later Ptolemy provided some mathematical refinements.

1 Aristotle constructs a two-sphere universe. It is divided into the supralu-
nary sphere, which includes the moon and the region lying beyond it, and the 
sublunary sphere. This is the region between the Earth and the moon. The Earth 
is a tiny sphere suspended stationary at the geometric center of the much larger 
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6 Nicolaus Copernicus: The Loss of Centrality

rotating sphere which carries the stars. The stars are markings on the outer 
sphere. In this picture it is the steady rotation of the outer sphere that produces 
the daily (diurnal) circles of the stars. Between the outer sphere and the Earth, 
smaller concentric spheres carry the then known six planets, including the sun. 
[Figure 1.1]

The supralunary sphere is, according to Aristotle, 
a region of utmost perfection, symmetry, and 
 regularity. The Greeks ordained the circle as a per-
fect geometric shape. It is therefore in accordance 
with the perfection of the supralunary sphere that 
the stars and planets should move in perfect circles. 
By contrast, the sublunary sphere is the region of 
change, flux, and decay. The sublunary sphere is filled 
with four elements: earth, water, fire, and air. If 
undisturbed, they would settle in concentric shells 
around the central region of the Earth. But owing 
to the movement of the sphere of the moon, the 
elements get mixed throughout the sublunary world. 

Figure 1.1 The circular orbs and order of the planets in Antiquity. The sun is situated 
among the other planets. The Earth sits motionless at the center

Aristotle (354–322 BC)
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 Nicolaus Copernicus: The Loss of Centrality 7

The motions of the lunar sphere are therefore responsible for all change and almost 
all variety observed in the sublunary world. [Kuhn 1957, 82–3]

This cosmology of a “cosmic onion” sounds very obscure to modern ears. To 
ancient eyes Aristotelianism presented the most comprehensive and convincing 
theory of the architecture of the cosmos. It seemed to account for some of the 
naked-eye observations available at the time. The centrality of the Earth, so it 
seemed, could be inferred from the path of falling objects on Earth and the circular 
motion of the stars.

Following the Greek philosopher and astronomer Eudoxos (408–355 BC), 
Aristotle assumed that the planets and the stars moved in concentric shells 
(or orbs) around the central Earth. [Figure 1.2] On closer inspection, this simple 
model must fail. It did not even fit Greek observations. For instance, if the sun 
were carried around the central Earth on a concentric shell, night and day would 
always retain equal lengths. Yet the Greeks knew from their observations that day 
and night have variable lengths, depending on the seasons. [See Section 3.2] The 
Greeks also noticed that planets move at varying distances around the Earth. The 
model of homocentric spheres had to be dropped. It was in contradiction with 
elementary observations. It was Ptolemy’s achievement to have constructed a geo-
metric model on the basis of the more complicated geometry. It involved the 
invention of new geometric devices: eccentrics, epicycles,  deferents, and equants. 
[Dijksterhuis 1956, §68, 147; Rosen 1959, Introduction; Copernicus, Com-
mentarioulus 1959, 57; Copernicus 1543, Bk. V, §3; Dreyer 1953, 143]

2 Although Aristotle’s rudimentary views of planetary orbs were quickly replaced, 
his theory of motion proved to be a much more lasting  contribution. Aristotle 
devised his influential theory of motion to support his cosmology. His model 
of the cosmic “onion” made the Earth a central, stationary object. How could 
this centrality be justified? The theory of motion claimed to provide a phy sical 
mechanism to account for the trajectory of all objects – earthly and celestial.

According to the Aristotelian theory of motion, objects either remain at rest or 
move in a straight line. A stone will fall back toward the center of the universe, 

Figure 1.2 A simple homocentric model. The Earth is located centrally. Nesting  concentric 
rings or shells (orbs) envelop it. [See Andersen/Barker/Chen 2006, Ch. 6.4; Barker 2002] 
These carry the planets. The outer ring carries the distant stars. The model fails because 
planets move at varying distances from the Earth
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8 Nicolaus Copernicus: The Loss of Centrality

occupied by the Earth. Smoke will rise upward toward the sky, in search of its 
natural place. The upward and downward motions constitute the object’s natural 
motions. In order to deflect objects from their natural motions an external push or 
force is needed. To move, objects need a mover, which moves them. There is no 
motion without a mover: Omne quod movetur ab alio movetur. [Aristotle 1952a, 
Bk. VII, VIII] Of course, Aristotle could observe that projectiles do not behave in 
this way. A stone hurled through the air or an arrow released from a bow will nor-
mally fly in a parabola before returning to Earth. Aristotle could explain the pro-
jectile’s motion. After the release of the object from the mover, disturbed air 
became the source of the external push. It prolonged the projectile’s motion.1 
Eventually the object would succumb to its inclination to return to the Earth.

The natural motion for heavenly objects is circular. Circular motion is continu-
ous and infinite. Aristotle states that continuous motion – the rotatory locomotion 
of the planets – is caused by an unmoved mover, a Deity. [Aristotle 1952a, 
Bk. VIII, §10]

Thus things have natural and unnatural motions. They also occupy natural places 
in the universe. Aristotle held that the four building blocks of the universe – earth, 
water, fire, and air – hold natural positions on and near the Earth. If wrestled from 
their natural positions, the elements strive to regain their natural position. When a 
stone is lifted from the ground and released, it seeks to regain its natural position. 
When a fire is lit, flames and smoke leap up toward their natural positions at the 
periphery of the terrestrial region. The natural position of the Earth is at the geo-
metric center of the universe. For something at rest must exist at the center of the 
revolving heaven. Therefore, Aristotle concludes, the Earth must exist. [Aristotle 
1952b, Bk. II, §3] A piece of Earth will always fall to where it naturally belongs, 
i.e., the geometric center of the universe. From these arguments from terrestrial 
physics Aristotle derived not just the centrality of the Earth but also its stability and 
sphericity. [Aristotle 1952b, Bk. II, §§13–4] In lunar eclipses, he points out, the 
outline of the Earth’s shadow on the moon “is always curved”; and as observers 
travel north and south along a longitude, different stars become visible to them in 
the sky. Later Ptolemy added some further arguments. The sun, the moon, and the 
stars are seen to rise earlier for inhabitants of eastern regions of the globe than “for 
those toward the west.” [Ptolemy 1984, §I.4]

Aristotle’s physical cosmology and his theory of motion form a logical link. The 
theory of motion renders the cosmology reasonable. And his cosmology pro-
vides the necessary framework for physical phenomena to be arranged into two 
separate spheres. The Aristotelian laws of motion govern the sublunary sphere. In 
the sublunary sphere terrestrial physics rules. The laws of motion account for the 
apparent observations in this region of space: the drop of heavy objects and the 

1 Kuhn [1957], 119; Dijksterhuis [1956], I, §§30–9. Contrast this account with the Newtonian 
 explanation. According to Newton’s First Law objects are either at rest or perform a constant  rectilinear 
motion (if undisturbed). Rectilinear motion has become a “natural” motion, for which no external 
force is required.
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 Nicolaus Copernicus: The Loss of Centrality 9

rise of light objects. In the supralunary sphere celestial physics rules. This is the 
region of  perfection. It admits only of spherical shapes and circular motion. It is 
a finite region. In Brecht’s play Galileo complains about the “walls” and 
“ immobility” of the geocentric universe. The distance to the stars was estimated 
to be 20,000 Earth radii, which is less than today’s Earth–sun distance. [Zeilik 
1988, 29–31] The outer boundary is marked by the sphere of fixed stars. Although 
this sphere rotates in a period of 24 hours once around the motionless Earth, the 
stars appear fixed because after each rotation they reappear in the same location 
as in the previous periods. The planets, by contrast, are “wandering stars,” because 
they perform observable, traceable movements across the sky. The Aristotelian 
cosmos is an energy-deficient universe. Its energy-deficiency is a direct conse-
quence of Aristotle’s theory of motion. There is no motion without a mover. 
Heavenly bodies are moved on their spheres by a mover, residing outside the 
outer sphere. The Aristotelian universe requires an energy-input from beyond the 
fixed stars – it is finite. As we shall see, the Copernican universe is also finite but it 
is no longer energy- deficient.

2.3 Ptolemy’s geocentrism

Aristotle gave us a cosmology and a theory of motion. This was the first step in the 
construction of the geocentric worldview. The second step was completed several 

hundred years later. It took a consummate geometer 
to do it: Claudius Ptolemy. Ptolemy was the first 
astronomer to design a complete mathematical system 
of the universe, which accurately predicted planetary 
motions to within 5° of modern values. His was a 
geocentric model, built by means of geometric reason-
ing. Later Copernicus would construct a heliocentric 
system, also built by means of geometric reasoning. 
Ptolemy uses geometry to describe astronomical 
observations. He agrees with Aristotle that the celes-
tial spheres, which carry the planets, perform uniform 
motions. He assumes that the Earth is spherical, at 
the center of the cosmos, and stationary. If the Earth 

were not central, he argues, the equinox would not occur, and “intervals between 
summer and winter solstice would not be equal.” [Ptolemy 1984, §I.5] Ptolemy 
offered perfectly good reasons for rejecting as ridiculous any motion of the Earth. 
Aristarchos of Samos (310–230 BC) is said to have taught the daily and annual rota-
tion of the Earth. [Dreyer 1953, Ch. VI, 136–48; Dijksterhuis 1956, Ch. I, §§78–
9; Kuhn 1957, Ch. I; Koestler 1964, 50–2] But if the Earth moved, its inhabitants 
would feel the effects drastically – objects thrown straight up into the air would not 
return in a straight line to the spot from where they had been launched; buildings 
would crumble under the force of the motion; birds would never fly from west to 
east. [Ptolemy 1984, §I.7; cf. Copernicus 1543, Bk. I, §7] To the Greek mind it 
was commonsense that the Earth was at rest.

Claudius Ptolemy 
(AD 100–75)
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10 Nicolaus Copernicus: The Loss of Centrality

But there was a problem. The Earth-bound observer does not observe the 
 uniformity of planetary motion against the background of the fixed stars. Equipped 
with his basic presuppositions, Ptolemy, like other astronomers before him, had to 
explain two main variations in the motions of the planets. First, there was their 
nonuniform motion and second their retrograde motion. The problem arises 
because the observations do not conform to the Ptolemaic presuppositions about 
planetary motions. The basic problem of ancient astronomy is to construct geo-
metric models, which satisfy the a priori presuppositions and seemingly account for 
the apparent motions of the planets. It is the problem of saving the appearances, 
rather than constructing realistic models of the solar system. Like his Greek pred-
ecessors, Ptolemy relied on geometric models to solve these problems. Ptolemy 
tried to fit the observations to his unquestioned presuppositions: the circular 
motion of celestial objects and the Aristotelian theory of motion. But Ptolemy 
improved the usefulness of the models. Some of Ptolemy’s predecessors, like 
Hipparchus (190–125 BC), had invented new geometric devices to deal with these 
problems. Eccentric motion was used to solve the first; epicyclic motion was used to 
solve the second. In his Almagest Ptolemy made frequent references to Hipparchus’s 
work, usually with the intention of improving it. He introduced a new geometric 
device (the equant) to achieve a better geometric model of the appearances. 
He treated each problem separately. For instance, in dealing with the apparent 
annual motion of the sun around the Earth, he ignored its apparent daily motion. 
Unlike the Copernican model, the Ptolemaic model does not present a system in 
which the appearances are due to a common factor – like the motion of the Earth 
around the sun.

The first problem was the nonuniform motion of the planets through the 
zodiac, irrespective of the effect of retrograde motion. As Kepler later showed, 
planets do not orbit the sun at uniform speed. The nearer they are to the sun the 
faster they move, and the further they are away from the sun the more slowly they 
amble. But the Greeks could not accept such nonuniform motion as real. It had to 
be apparent.

How can uniform circular motion account for apparent nonuniform motion? 
The answer is eccentric motion. [Figure 1.3]

The sun is modeled as moving around the Earth on an eccentric circle at uni-
form speed. The circle is called eccentric because the Earth does not occupy its 
center. While the sun moves around the center of the eccentric, the Earth is slightly 
displaced from its center. The distance between these two points accounts for the 
appearance of variation in motion. As seen from the center of the eccentric, the 
planet moves through equal angles in equal times. But as seen from the Earth, 
the planet sweeps through different angles in equal times. For the Earth-bound 
observer, when the planet is closer to the Earth, it seems to be moving faster.

The second problem is the apparent anomalous westward motion of a planet 
with respect to the stars: its retrograde motion. It is accompanied by a change in 
brightness. For outer planets it occurs near the time of opposition, when the planet 
is opposite the sun in the sky. For inner planets, like Mercury and Venus, it occurs 
at inferior conjunction, when they are seen close together with the sun in the sky. 
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Figure 1.3 Eccentric motion. Explanation of apparent non-uniform motion on the 
 assumption of uniform motion. The sun moves uniformly around point (Ecc). Seen from 
the Earth (E), however, the uniform motion looks non-uniform. At point 1 the sun appears 
furthest away from the Earth (apogee), while at point 2 it appears at its closest approach to 
the Earth (perigee)

The ordinary eastward path of planets seems interrupted – for a time, observers see 
the planets go westward. [Figure 1.4]

The appearance of nonuniform retrograde motion was solved by using the 
 geometric device of epicyclic motion. The planets are carried on smaller circles 
(epicycles) moving on larger ones (deferents). Although the Greeks observed ret-
rograde motion, it was only apparent, not real motion. The real motion of celestial 
objects required uniform circular motion. The task consisted in constructing 
models that fitted the observations without violating the presuppositions. 
Epicyclic motion is modeled by introducing a deferent, with the Earth at the 
center, and a smaller circle, an epicycle, mounted on the deferent. [Figure 1.5a] 
The radii of both epicycle and deferent move in the same direction. For an 
observer on Earth the planet performs a retrograde motion as it passes through 
the lower part of the epicyclic motion. This model, however, is too simple. It 
cannot account for the observational variations in retrograde motion of the 
planets. To explain the variations, Ptolemy invented a new device: the equant. 
[Figure 1.5b] This is an imaginary point on the other side of the center of the 
deferent as seen from the Earth. At the equant, an observer would see the planet 
move around its orbit through the sky at a uniform speed relative to the stars. 
But from a viewpoint on Earth away from the circle’s center, the motion appears 
nonuniform.

For our later philosophical exploration we should note several points. Ptolemy 
was very well aware of the role of representational models in his theory. His usual 
method is to use geometric models but in order to represent the fixed stars he 
chooses a solid globe as a scale model. [Ptolemy 1984, Bk. VIII.3] At the same 
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12 Nicolaus Copernicus: The Loss of Centrality

time, Ptolemy worried about the fit of his geocentric hypotheses. He was skeptical 
enough to warn his readers not to expect his geometric models to properly  represent 
the celestial phenomena. [Ptolemy 1984, 600–1] In the spirit of Aristotle’s two-
sphere cosmology he cautioned that geometric models invented by an inhabitant 
of Earth could not do justice to the perfection of the heavenly phenomena. As we 
shall see, the question of how models manage to represent physical reality is of 
great interest to philosophers. Finally, Ptolemy agreed with the Greek tradition 
that the epicyclic and eccentric models were equivalent devices. [Ptolemy 1984, 
§§III.3, IV.5, XI.5; Rosen 1959, 37; 1984, 27; Dijksterhuis 1956, I, §71] Either 
of these two hypotheses will account for the appearance of irregular motion of the 
planet to the Earth-bound observer. Nevertheless, Ptolemy adopts the principle 
that only the simplest hypothesis be used. [Ptolemy 1984, §§III.1, XIII.2] The 
acceptance of equivalence raises interesting philosophical issues regarding explana-
tion and representation. If the eccentric circle is as good a representation as the 
deferent–epicycle device, is there no way of deciding which one fits the actual 
physical system better than the alternative? Such concerns belong to the philo-
sophical consequences of scientific theories.

Figure 1.4  A simplified scheme of the appearance of retrograde motion of Venus as seen 
from by an Earth-bound observer. The observer “marks” the position of Venus against the 
background stars as the planet prepares to overtake Earth in its orbit – position 1. When 
Venus has overtaken Earth, the observer makes a second observation: as expected, Venus 
has moved from west to east – position 2. But at a later stage, a third observation reveals 
an apparent and abnormal retracing of the orbit of Venus toward the west. In a heliocentric 
view this is due to the relative position of the Earth with respect to Venus around the sun. 
[See Zeilik 1988, 40; Copernicus 1543, Bk. V, §35]
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Figure 1.5 (a) Epicyclic motion. Retrograde motion occurs when the planet moves from 
P1 to P2 on its epicycle; (b) The equant. Explanation of retrograde motion with a new 
 geometric device, the equant. [See Copernicus 1543, Bk. III, §15–16; Ptolemy 1984, §IX.6; 
Andersen/Barker/Chen 2006, Ch. 6.3] This representation is supposed to be a closer 
fit of the model to the data than the elementary model. From the point of view of the 
equant, the motion of the planet on the epicycle would appear uniform. Further flexibility 
is introduced by letting the Earth either sit at the center of the deferent or off-center, as 
indicated in the diagram

Before we mention some of the developments of the thirteenth and fourteenth 
centuries, which created the conditions for the emergence of the Copernican 
 revolution, we should add another historical dimension. This is the synthesis 
between Aristotelianism and Theology. Only this further historical dimension could 
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14 Nicolaus Copernicus: The Loss of Centrality

bring to a head the clash between Galileo and the Church in the seventeenth 
 century. The synthesis was worked out by Thomas Aquinas (1225–74), Albertus 
Magnus (1206–80), and others.

According to Acquinas, real knowledge is based on sense experience. Albertus 
Magnus also stresses that the study of nature is based on sense experience, which 
provides the highest form of proof. Where we lack knowledge we have to appeal 
to revelation. The perfection of the heavens, postulated in the Greek tradition, 
is now identified with Divinity. Consequently our knowledge of the world is 
restricted to the sublunary sphere. The perfection of the heavens transcends our 
reasoning powers. Aquinas welcomes the systematic study of nature because he 
sees in it a means to acquire knowledge of the wisdom of God. To put it drasti-
cally, Aquinas hopes that a systematic study of nature will help to eradicate super-
stition. Couched in these terms, no conflict between Reason and Revelation is 
permitted to arise, for our reason is weak and faulty and in questions of doubt has 
to submit to the eternal Truth as expressed in the Revelation. This is a common 
attitude in the Middle Ages. Roger Bacon (c.1210–92) defends a similar idea. 
The value of science lies in its contribution to the interpretation of the Bible. It 
helps to glorify God. Once the Church had embraced Aristotelianism, all criti-
cism directed at the geocentric worldview would also be a criticism of theology 
and the Church.

Nevertheless, progress was made and some developments took place toward the 
end of the Middle Ages. Progress, however, depended on the ability to overcome 
unquestioned presuppositions, which impose constraints on permissible models. 
This need to clear away presuppositions before progress could occur could be 
expressed in Kantian terms. Kant asks very generally in his Copernican turn in 
 philosophy, “What are the conditions of the possibility of knowledge?” By analogy 
we can ask, “What are the conditions of the possibility of the Copernican, the 
Darwinian, and the Freudian revolutions?” Which new presuppositions were 
needed for the Copernican view to be able to arise? The questioning of ancient 
presuppositions happened in two stages: the Aristotelian theory of motion attracted 
critical scrutiny before the ideal of circular motion was questioned.

2.4 A philosophical aside: Outlook

Let us regard the Aristotelian theory of motion and his physical cosmology or the 
Ptolemaic devices as instructions in a toolkit, with which we try to build a model 
of the universe. Our building blocks are fixed stars and planets, circular spheres, a 
stationary Earth. Our instruction sheet contains a further restriction: the model 
we build must be as close as possible to naked-eye observations. Most strikingly, we 
observe the movement of the planets against a background of stars, the succession of 
the  seasons, and the regular sequence of day and night. With these elements at hand 
we can build only a geocentric model. The sun, the planets, and even the fixed back-
ground of distant stars must parade before our eyes. The Earth must therefore be 
located at the center of these movements, for otherwise we could not account for 
them. [Figure 1.1]
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Our ability to build one type of model, if we follow the instructions, is at the 
same time an inability to construct a different model. We can think of the toolkit 
as creating a space, more precisely a constraint space, to accommodate cosmological 
models. Such a constraint space is a logical space, because it creates certain possi-
bilities, whether they materialize or not, for model-building. Geometric-type 
models will be allowed to inhabit the space; other types of models are excluded. 
This play of possibilities and impossibilities is regulated by the constraints we 
accept. Aristotle operated under the constraints of his theory of motion and his 
two-sphere cosmology. If we change the constraints, a different logical space will 
appear, which will accommodate other types of models. Constraints can be under-
stood as restrictive conditions, which symbolic statements must satisfy in order to 
qualify as admissible scientific statements about the natural world. This teaches us 
some lessons, which will interest the philosopher of science.

1. Scientific theories come with certain constraints: empirical and theoretical 
 constraints, which can be further subdivided into mathematical, methodologi-
cal, and metaphysical constraints. Scientific theories operate under such con-
straints. With the exception of empirical constraints, these constraints form 
presuppositions. Presuppositions are fundamental assumptions, which, at least 
for the time being, are protected from critical inquiry. They are accepted as 
“true.” They serve as historical a priori. They are not unquestionable but they 
remain unquestioned for certain periods of time. Whether true or false, they 
channel research into particular directions. The Aristotelian toolkit contains 
such presuppositions. The two-sphere cosmology and his geometric devices, 
including the theory of motion, form the Aristotelian presuppositions. 
Presuppositions can be exposed to doubt. This happened when Aristotle’s 
concentric shells were replaced by other devices. Under such scrutiny, con-
straints will be amended or rejected. Already a modification of the model 
instructions, keeping the elements, will change the possibilities for model 
construction. The adoption of epicycles, for instance, created the space for 
the Ptolemaic model. Sometimes a modification of a constraint is more far-
reaching. A questioning of the Aristotelian theory of motion and its replace-
ment by the so-called impetus theory liberated the constraint space for the 
development of new theories. It is difficult to imagine how heliocentrism could 
have emerged, if some fundamental presuppositions had not changed. 
[Blumenberg 1965, Ch. I] Copernicus, for instance, was able to reject some of 
the classic objections against the motion of the Earth, because he no longer 
shared the Aristotelian theory of motion. The development of the impetus 
theory allowed him to regard the motion of the Earth as natural.

2. We can also see that constructing a cosmological model is not a matter of 
simply reading it off the available observational data. It cannot be, if pre-
suppositions are as much a reality of scientific thinking as its methods and 
established results. [Weinert 2004] So a simple inductive view of the scientific 
method will not do, at least not in the case of scientific revolutions. Let us call 
the view that sees science as a straightforward generalization from observations 
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and experiments induction by enumeration. Francis Bacon already criticized 
this view. There is a more sophisticated way, called induction by elimination. 
Francis Bacon recommended this view as a fruitful scientific method. It is called 
eliminative induction because alternative or rival models are confronted with 
empirical evidence and other forms of constraints. The model, which fares 
better in view of these constraints, will gain in credibility while the rival model 
will lose credibility. So this view requires that there are at least two models 
available, which face the evidence. As we shall see, the Copernican and 
Darwinian revolutions come about by a progressive elimination of unsuccessful 
models in the face of an increasing number of constraints. The difficulty with 
Freudianism is precisely that the available evidence is unable to credit some 
model at the expense of its competitors. Is the overwhelming method of 
science eliminative induction or the more familiar method of falsificationism, 
as proposed by Karl Popper?

Even at this early stage of the argument, it is good to raise these philosophical 
questions because – and this is one of the central theses of this book – philosoph-
ical issues are inseparable from more scientific and historical concerns. In other 
words, scientific revolutions have philosophical consequences. We shall witness this 
logic at many points along the road.

3. An immediate question springs to mind, not just for the philosophically 
inclined. Do these geometric devices actually represent physical spheres, while 
the nonuniform variations are just appearances? Do these geometric devices – 
the epicycle and the deferent, the equant and the eccentric – describe some 
physical mechanism, which exists in nature? This is the question of the repre-
sentational force of scientific models, which already exercised Ptolemy. Does 
the distinction between appearance and reality, between how the planets appear 
to move according to naked-eye observations and how they are said to move 
according to the Greek presuppositions, correspond to a physical feature of the 
universe? If we are interested in what science is and does, such questions, 
although philosophical in nature, are inescapable. Whatever position we adopt 
in response to these questions, they actually do some real work. The propo-
nents of the geocentric worldview were divided on this question. Aristotle 
thought that the spheres were real physical spheres. They possess a natural 
motion: circular rotation. The natural motion of these spheres drives all the 
heavenly bodies. They depend on an unmoved mover for their energy require-
ments. Ptolemy was much less certain of the physical reality of the crystal 
spheres, the epicycles and deferents, which he was employing as geometric 
devices. True, they served to save the appearances. But Ptolemy did not think 
that the geometric devices fitted the heavenly phenomena very well. [Ptolemy 
1984, 600–1; Dreyer 1953, Ch. IX] The Greek models try to match naked-eye 
observations with a priori presuppositions about the physical world. The pos-
tulation of uniform circular motion, of the two-sphere universe, of geometric 
devices is not based on observations. On the contrary: the observations seemed 
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to contradict the presuppositions. So much worse for the observations! The 
separation between physical cosmology and mathematical astronomy did not 
encourage Greek astronomers to think of observations as tests for the 
 mathematical models. The question is whether models can achieve more 
than saving the appearances. This question leads to considerations of instru-
mentalism and realism, explanation and representation.

The uncertainty as to the physical reality of the geometric models plagued the 
geocentric worldview until the moment of its definite demise. Especially the Arab 
world, which preserved the tradition of Greek astronomy throughout the Middle 
Ages, voiced much opposition against the “reality” of the geometric devices. 
[Rosen 1984] But they remained in use for some 1,400 years. They predicted 
planetary positions to the accuracy needed by astronomers who relied on naked-
eye observation. And they conformed to Aristotle’s theory of motion and 
 cosmology.

As we can see, the description of the Aristotelian–Ptolemaic geocentric world-
view points to some general philosophical issues, which are difficult to separate 
from the scientific material.

2.5 Shaking the presuppositions: Some medieval developments

(…) by the purpose of movement it is proved “that movement belongs to the Earth 
as the home of the speculative creature.” [Kepler, Epitome of Copernican 
 Astronomy (1618–21), Bk. IV, Part I, §5, 75]

In Brecht’s play Galileo clashes with the representatives of scholastic learning. 
Galileo is a believer in heliocentrism, observations, and the independence of the 
scientific method. The Mathematician and the Philosopher represent a world in 
decline: they put their faith in bookish learning, in the authority of the ancients, 
and cling to their belief in geocentrism. Galileo attempts to shake his visitors’ 
beliefs. But they are not shallow opinions. They are based on philosophical presup-
positions, which define their constraint space. In this constraint space certain 
models can be accommodated but others cannot. In the fourteenth century, some 
outstanding scholars became critical of the established doctrines: Nicolas 
d’Autrecourt (died after 1350), Johann Buridan (c.1300–58), Nicolaus of Oresme 
(c.320–82) at the University of Paris, and William of Ockham (c.1295–1349) at 
the University of Oxford. Two developments are particularly noteworthy: 
1) Nicolas d’Autrecourt argued that philosophy and theology should be kept 
apart – a suggestion later taken up by Galileo and Pascal. The general idea is that 
natural philosophy should investigate the natural world and theology the spiri-
tual world. 2) The Aristotelian theory of motion comes under critical scrutiny. 
Oresme and Buridan suggested, as Copernicus was later to do, that the diurnal 
motion of the Earth cannot be disproved by arguments derived from the Aristotelian 
theory of motion. According to Aristotle, the Earth rests motionless at the center 
of the world, because it inhabits its natural place. If it were to move, Earth-bound 
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18 Nicolaus Copernicus: The Loss of Centrality

 observers should feel the effect of this unnatural motion. Jean Bodin, a famous 
sixteenth-century political philosopher, echoes this age-old reasoning in 1597, fifty 
years after the publication of Copernicus’s book (1547):

No one in his senses, or imbued with the slightest knowledge of physics, will ever 
think that the Earth, heavy and unwieldy from its own weight and mass, staggers up 
and down around its own center and that of the sun; for at the slightest jar of the 
Earth, we would see cities and fortresses, towns and mountains thrown down. 
[Quoted in Kuhn 1957, 190]

As we have seen, Ptolemy advanced similar arguments involving the fall of objects 
and the destruction of buildings. The rejoinder in all these cases was to make the 
daily and yearly rotation of the Earth, to which Bodin refers, a natural motion. 
If we participate in this motion, Oresme and Buridan argue, then we do not per-
ceive it. It is not a violent motion, says Copernicus, as Ptolemy thought. True, 
violent motion has the effect of breaking things up. But the rotation of the Earth 
“accords naturally with its form,” so that every part of the Earth, “the clouds and 
the other things floating in the air or falling or rising up” take part in this natural 
motion of the Earth. [Copernicus 1543, Bk. I, §8] Copernicus employs impetus 
ideas to rebut the ancient, commonsense argument. If the air envelope travels 
along with the Earth and shares in its natural motion, the lack of violent winds is 
to be expected. Today we no longer accept the impetus theory. We are, however, 
all familiar with such phenomena. In constantly moving vehicles, our actions – 
drinking coffee, playing cards, reading books – happen as if the vehicles were sta-
tionary. Galileo’s relativity principle serves as our explanation. The impetus theory 
was an important step toward the modern explanation of motion.

The impetus theory of motion was developed in the fourteenth century as an 
alternative to the Aristotelian theory of motion. According to this theory, as 
Oresme and Buridan explained it, a motive force is impressed upon an object, 
which carries it along. Then the argument against the motion of the Earth falls flat. 
Buridan first argues against the Aristotelian view of motion. If both a blunt and a 
sharp object are propelled along the same parabola, the air could not push in the 
same way on the sharp object as on the blunt one. It is better to say that a projector 
(internal propellant) impresses a certain impetus or motive force onto the moving 
body and that the projectile moves in the direction of the impetus. But air resist-
ance and the “gravity” of the projectile decrease the impetus “till it is so diminished 
that the gravity of the stone wins out over it and moves the stone down to its 
 natural place.”2

The impetus theory played an essential role in the Copernican revolution: it was 
one of the conditions that made it possible. Buridan’s pupil, Oresme, also based his 
refutation of Aristotle’s central argument for the immobility of the Earth on the 

2 Quoted in Kuhn [1957], 120; according to Jeans [1943], 106, Hipparchus (c.140 BC) already held 
an impetus theory; on the impetus theory see the studies of Wolff [1978], Mittelstraß [1962] and Drake 
[1975].
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impetus theory. He turned his attention to the first argument against the mobility 
of the Earth. It was claimed by the ancients that if the Earth moved eastward on its 
own axis, then an observer who threw a stone straight up into the air would see the 
stone return to the ground to the west of his feet. In the absence of the impetus 
theory, this argument seemed to make sense. On the ancient view the stone would 
be forced from its natural position and strive to return to it. But while the stone 
was in the air, the Earth would turn to the east. As the stone could not accompany 
the moving Earth, it must fall to the west from its point of departure. But Oresme 
argued that the moving Earth endows the stone with an eastward impetus. It will 
cause the stone to follow the moving Earth. [Kuhn 1957, 121; Mason 1956, 
§II.11; Wolff 1978, Pt. II, Ch. 7]

Buridan and Oresme extended this argument to the motion of the Earth. There 
was no need for “angelic intelligences” to move the celestial bodies. There was no 
need to postulate friction between the crystalline spheres to keep them moving in 
their 24-hour rhythm. There was no need for Aristotle’s Unmoved Mover. There 
was no need for an energy-deficient universe. In creating the Earth God imparted 
a motive force to it, which sustains it in its motion. Unlike projectiles on Earth, 
which, according to the impetus theory, slow down because they encounter wind 
resistance and the Earth-bound force of their own gravity, no such forces interfere 
with the eternal motion of the Earth. More generally, the impetus theory sug-
gested self-sustaining circular motion for the planets too. [Kuhn 1957, 121–2; 
Dijksterhuis 1956, II, §§111–5]

On the conceptual level, the impetus theory had important consequences. 
It lifted the ban on the possibility of the mobility of the Earth. The logic of the 
Aristotelian view immobilized the Earth. The arguments against its motion – fall-
ing objects, howling winds, tumbling houses – seemed to make sense. The impe-
tus theory showed that it was conceptually possible for the Earth to move. The 
impetus theory also hinted at a unification of terrestrial and celestial physics. For 
it explained the trajectory of objects on Earth and in the heavens according to the 
same  principle. It therefore led to the potential destruction of the two-sphere 
 universe. Aristotle had made a distinction between rotatory locomotion, reserved 
for heavenly bodies, and rectilinear motion, for earthly objects. He regarded 
 rotation as primary. [Aristotle 1952a, Bk. VIII, §9] The impetus theory held out 
the prospect of a dissolution of the dichotomy between supralunary and  sublunary 
spheres.

However liberating the impetus theory was, arguments in its favor were never 
pushed to their logical conclusion. Fourteenth-century thinkers were content to 
investigate logical alternatives to Aristotelianism. They were not in the business of 
overthrowing it.

If the impetus theory was one of the conditions of the possibility of Copernicanism, 
the rise of humanism in the Renaissance was another. Renaissance humanism was 
directed against medieval scholasticism. As the Mathematician and Philosopher in 
Brecht’s play show, the scholastic attitude viewed the Aristotelian tenets as sacro-
sanct. Scholastic scholarship consisted in the interpretation of Aristotle’s texts. The 
Philosopher in Brecht’s play reminds Galileo that “the universe of the divine 
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Aristotle is an edifice of (…) exquisite proportions.” In the spirit of modern science 
Galileo counters that “the authority of Aristotle is one thing, tangible facts are 
another.” But this objection only provokes the Philosopher into an indignant out-
burst: “if Aristotle is going to be dragged in the mud – that’s to say an authority 
recognized not only by every classical scientist but also by the chief fathers of the 
church – then any prolonging of this discussion is in my view a waste of time. I have 
no use for discussions, which are not objective. Basta.”

With humanism emerged a renewed interest in the mathematical and 
 geometrical regularities of the phenomena of nature. This was important because 
Copernicus was among the first to revive the full Hellenistic tradition of 
 mathematical astronomy, which had flourished in Ptolemy’s time. [Blumenberg 
1957; 1965; 1981] Humanism also put a new emphasis on human attitudes 
toward the cosmos. It reversed the age-old tradition, ever present since Ptolemy, 
that human  knowledge could not extend as far as the heavens. Humanism  elevates 
the astronomer to the status of a “contemplator caeli.” [Blumenberg 1957, 77] 
It emphasizes that humans can understand the workings of the cosmos. This 
emphasis shifts the focus from understanding by way of observation to under-
standing by way of rational thinking. The emphasis on rational understanding on 
the basis of perspectival, Earth-bound observation had important implications for 
the heliocentric worldview.

3 The Heliocentric Worldview

And why not admit that the appearance of daily revolution belongs to the  heavens 
but the reality belongs to the Earth? [Copernicus, De Revolutionibus (1543), 
Bk. I, Ch. 8 (17)]

Nicolaus Copernicus died on May 24, 1543. Only a few weeks later his great 
book De Revolutionibus was published. The original title of the book had been 
De Revolutionibus orbium mundi. This intended title was changed, by Andreas 
Osiander, to De Revolutionibus orbium caelestium: On the Revolutions of Heavenly 
Spheres. [Blumenberg 1957, 79; 1981 Vol. II, 344] Osiander, a theologian and 
preacher based in Nuremberg, oversaw the publication of De Revolutionibus. He 
also added an anonymous, philosophically significant preface to Copernicus’s work. 
Kepler later identified Osiander as the author of the anonymous preface. It is 
 philosophically significant because Osiander tries to interpret De Revolutionibus as 
a treatise which, contrary to first impressions, does not challenge the accepted 
worldview. Copernicus had been working on his masterpiece for years but had 
hesitated to publish it. Like Darwin after him, Copernicus feared that his ideas 
would meet with a hostile reaction. Nevertheless, prior to the publication of 
De Revolutionibus handwritten copies of his “Sketch of his Hypotheses for the 
Heavenly Motions,” known as The Commenariolus, had been circulating. It was 
written between 1502 and 1514. [See Rosen 1959, Introduction] In these works 
Copernicus worked out a heliocentric model of the solar system.
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3.1 Nicolaus Copernicus

Copernicus’s achievement was not something forced by fresh observations, but 
rather was a triumph of the mind in envisioning what was essentially a more 
beautiful arrangement of the planets. [Gingerich, The Book Nobody Read 
(2004), 116]

On closer inspection De Revolutionibus falls into two parts. In the first chapter 
Copernicus introduces the general idea of a heliocentric system. He argues that 

Greek objections to the concept of a 
moving Earth do not hold water. He 
points to a number of Greek prede-
cessors of heliocentrism. He claims 
that heliocentrism provides a simpler 
or more coherent explanation of the 
solar system. For Copernicus, as for 
the Greeks, the solar system, with the 
fixed stars, constitutes the universe. 
The second part of the book contains 
the mathematical determinations of 
planetary motions. It is much more 
technical. But Copernicus uses the 
same geometric devices as the Greeks 
(eccentrics and epicyles).

Since Kant, it has become custom-
ary to describe the result of Coper-
nicus’s labor as a Copernican turn. 
[Dijsterhuis 1956, Part IV, I, §§9–10, 
18; Blumenberg 1981, Part V, V] 
This term is very useful: it marks the 

Copernican achievement without elevating Copernicus’s work to a scientific 
revolution.

The Copernican turn is the conception of a heliocentric universe, in which the 
planets are carried on their spheres, not around a central Earth, but around a cen-
tral (mean) sun. This in itself was not an original idea, since it had existed since 
antiquity. The Greek astronomer Aristarchus of Samos had constructed a heliocen-
tric world system, according to which the Earth rotates daily around its own axis 
and annually around the sun. Other thinkers, both in antiquity (Herakleides) and 
in the fourteenth century (Buridan, Oresme, and Nicolaus of Cues), had conceived 
of a diurnal motion of the Earth. So what is original in Copernicus? Since 
Aristarchus’s work has not survived, he became the first astronomer to have con-
structed a mathematical system of planetary motion from a heliocentric perspec-
tive. Copernicus attempts to derive all the celestial phenomena from a few basic 
assumptions. [Commentariolus 1959, 58–9] All the observations can be explained 
from the assumption of a nonstationary Earth. Copernicus assumes that the sun is 

Nicolaus Copernicus (1473–1543)
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22 Nicolaus Copernicus: The Loss of Centrality

stationary but Kepler later corrects this view: the sun turns on its own axis.3 [Kepler 
1618–21, Pt. II, §1] Copernicus was the first to develop a detailed account of 
the astronomical consequences of the Earth’s motion. [Kuhn 1957, 142, 144] He 
claims that it accounts for the phenomena and creates a coherent system of the 
orders and magnitudes of all spheres and stars.

Copernicus was well aware that the interrelatedness of natural phenomena would 
lead to a coherent model of the universe. In his Dedication to Pope Paul III he 
spells out how his reasoning took him from the correlation of natural phenomena 
to a more adequate heliocentric model:

And so, having laid down the movements which I attribute to the Earth farther on in 
the work, I finally discovered by the help of long and numerous observations that if 
the movements of the other wandering stars are correlated with the circular move-
ment of the Earth, and if the movements are computed in accordance with the revolu-
tion of each planet, not only do all their phenomena follow from that but also this 
correlation binds together so closely the order and magnitudes of all the planets and 
of their spheres or orbital circles and the heavens themselves that nothing can be 
shifted around in any part of them without disrupting the remaining parts and the 
universe as a whole. [Copernicus 1543, 6]

Copernicus and his disciple Georg Joachim Rheticus (1514–1576) claim that 
the heliocentric hypothesis has many advantages over the Ptolemaic hypothesis. 
The advantages derive from treating the planets and their motions as a system:

● According to Copernicus, the concept of a moving Earth – its daily and annual 
rotation – naturally explains all the celestial observations. For instance, the two 
great problems, inherited from antiquity, seem to dissolve in a heliocentric 
model. The retrograde motions of the (inner and outer) planets become a natu-
ral consequence of the motion of the Earth around the (mean) sun. An inner 
planet, like Mercury, has a shorter orbital period than the Earth. It overtakes the 
Earth in its annual orbit. For an Earth-bound observer its motion appears as 
retrograde motion. [Figure 1.3] The second problem was the nonuniform 
motion of the planets. Planets seemed to require different times to complete 
their successive journeys around the ecliptic. Part of the solution derives from 
placing the planets at their correct distances from the sun. The outer planets 
need longer for their annual journeys than the inner planets. But Copernicus’s 
solution is only partially successful because he still assumes uniform circular 
motion. Still, the two “appearances” can be explained without the use of major 
epicycles. The major irregularities of the planetary motions are only apparent. 
[Kuhn 1957, 149, 166–71; Zeilik 1988, 49] These appearances are produced 
by the orbital motion of the Earth. As the sun is stationary in the heliocentric 

3 Strictly speaking, the sun is not the physical center of the Copernican system; it is placed near 
the center of the orbit of Earth. It was only Kepler who attributed to the sun a “vital physical role in 
keeping the planets in motion.” [Gingerich 1993, 42]
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system, it does not have a retrograde motion. [Figure 1.1; Box 1.1] [See Kuhn 
1957, 66, 69; Copernicus 1543, Bk. III, §§15–6]

● Copernicus also determines the relative distances of the planets from the sun, 
using techniques known from antiquity. [Copernicus 1543, Book I, §10; 
Neugebauer 1968, §2; Kuhn 1957, 142, 175; Zeilik 1988, 40–1] If the Earth–
sun distance is taken as 1 unit, then Mercury is at 1/3 of the Earth–sun  distance, 
Mars at 1½, Jupiter at 5 and Saturn at 9 Earth–sun distances. Copernicus argues 
that “the magnitude of the orbit circles should be mea sured by the magnitude 
of time.” [Copernicus 1543, Bk. I, §10] By this he means that the distance of a 
planet from the sun is to be determined from its orbital period. Thus he rejects 
the medieval practice of deriving cosmic distances from Ptolemy’s method of 
nesting celestial shells within each other according to certain proportions. 
Copernicus argues that only the heliocentric model satisfies the distance–period 
relationship. In the heliocentric system, the order of the planets is determined 
by observation of the orbital period of the planets. Copernicus treats the planets 
as a coherent system. [Figure 1.6]

● Although the assumption of a moving Earth allowed Copernicus to abandon 
major epicycles, he still needed minor epicycles. Major epicycles were employed 
to explain the qualitative appearance of retrograde motions. Minor epicycles are 
small circles, which are needed to eliminate minor quantitative discrepancies 
between the observations and the geometric models. [See Kuhn 1957, 68] 
Copernicus needed these minor epicycles because he endorsed the Greek prin-
ciple of circular motion for the planets. The motion of celestial bodies is “ regular, 
circular and everlasting.” [Copernicus 1543, Book I, §4] In fact Copernicus 
desires to rescue the Greek tradition from Ptolemy. He wants a “system in 
which everything would move uniformly about its proper center as the rule of 
absolute motion requires.” [Copernicus, Commentariolus 1959, 57–8] He 
swaps the geometric position of the Earth but still clings to the Platonian ideal 
of the uniform and circular motion, which he attributes to the planet-carrying 
spheres. [Figure 1.6] He criticizes Ptolemy for his introduction of the equant, 
although his model used a mathematically equivalent device, an epicyclet. 
[Gingerich 1993, 36, 175; Neugebauer 1968]

An important aspect of modern science is that observations are regarded as tests 
of scientific theories. But the Greeks sought to fit the appearances they observed to 
their prior beliefs about celestial phenomena. Copernicus claims that his work is 
based on long and numerous observations, his own and those of the Greek tradi-
tion. [Copernicus 1543; Letter Against Werner 1524; Rheticus 1540; see also 

Box 1.1 The order of planets in heliocentrism
Sun) Mercury) Venus) Earth) Moon) Mars) Jupiter) Saturn) Fixed Stars
compared with the geocentric order:
Earth) Moon) Mercury) Venus) Sun) Mars) Jupiter) Saturn
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Koestler 1964, 203, 581 n. 20] We do not need to doubt Copernicus’s sincerity. 
His book contains long tables of astronomical data, which are largely derived from 
ancient observations. But Copernicus was also aware that some of these ancient 
observations were out of date, when compared with modern values.4 De 
Revolutionibus contains a long discussion of what he calls “artificial” instruments. 
Such observational instruments serve to determine “the distance between the 
 tropics,” the “altitude of the sun,” and “the positions of the moon and the stars.” 
[Copernicus 1543, Bk. II, §§2, 14] Nevertheless Copernicus’s observations do not 
establish any new facts. The Copernican observations do not go beyond the discov-
eries of the Greeks. They do not cast in doubt Greek presuppositions about circular 

Figure 1.6 The Copernican model of the solar system

4 See for instance his discussion of the precessions of the solstices and equinoxes, Revolutions [1543], 
Bk. II, §14, Bk. III, §1.
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motion. It is therefore fair to say that from an observational point of view, the 
Copernican and Ptolemaic systems were equivalent. [De Solla Price 1962; Gingerich 
1982; Heidelberger 1980] No observation available at the time could trench in 
favor of one of these competing models. When Tycho Brahe and Galileo Galilei 
provided new observational discoveries, they had significant implications for 
Copernicanism. Copernicus’s main achievement lay in his awareness of the need to 
treat the solar system as a coherent system. And he worked out the mathematical 
consequences of a heliocentric universe.

Although the Copernican treatise De Revolutionibus orbium caelestium (1543) 
has many defects, it arguably set in motion the rise of modern science, whose first 
phase culminated in the publication of Newton’s Principia Mathematica (1687). 
Despite its defects, the Copernican model has greater explanatory power than its 
rival. Representing the solar system as a coherent system, it shows the correlations 
between many celestial phenomena and relates them to one underlying cause. 
We can see its explanatory power in the explanation of the seasons.

3.2 The explanation of the seasons

For the sun is not inappropriately called by some people the lantern of the  universe, 
its mind by others, and its ruler by still others. [Copernicus, De Revolutionibus 
(1543), Bk. I, Ch. 10, quoted in Rosen, Copernicus and the Scientific 
 Revolution (1984), 132]

Any human being is aware of the seasons. Any astronomical model must explain 
this most obvious of phenomena. But if the Earth sits stationary at the hub of the 
universe, with the sun orbiting it in a concentric circle, the gliding variations of 
the seasons cannot be explained. A uniformly moving sun would always remain at 
the same distance from the Earth, resulting in unchanging seasons. The Greeks 
were aware of this problem. Ptolemy knew from Hipparchus’s observations that 
“the interval from spring equinox to summer solstice is 94½ days, and that the 
interval from summer solstice to autumn equinox is 92½.” [Ptolemy 1984, Bk. III, 
§4; Kuhn 1957, 67] Ptolemy employed the eccentric or displaced circle to solve 
the problem. [Figure 1.3] The seasons have unequal lengths, but they are also 
 asymmetrically distributed across the globe. When it is summer in the northern 
hemisphere, it is winter in the southern hemisphere and vice versa. Let us fix our 
attention on two cities, Madrid (Spain) and Wellington (New Zealand). The choice 
of these two cities can easily be explained. If we could drill a hole through the 
center of the Earth from Wellington we would reemerge in Madrid. How do you 
achieve the simultaneous asymmetry between the seasons in the northern and 
southern hemispheres on a geocentric model? As the Greeks observed that the sun 
rises high in the sky in the summer and remains low in the winter, and as they took 
the Earth to be stationary at the center of the universe, they assumed that the 
annual orbit of the sun around the Earth is tilted. They knew that the tilt was 
approximately 23.5°. The solution of the puzzle of the seasons results from the tilt 
of the eccentric circle of the sun. It explains nicely why the sun rises high in the sky 
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in the summer and remains low in winter. The tilt of the ecliptic circle explains the 
sun’s variation in latitude in the same location – like Alexandria, where Ptolemy 
lived – or in two different locations, like Wellington and Madrid. Consider two 
Greek expatriates, one living in Madrid, the other in Wellington, in AD 150. For 
them the Earth is stationary, spherical, and the sun, riding on its ecliptic circle, 
performs an eccentric, tilted motion around the central Earth. When it is summer 
for the Greek in Madrid, the tilt of the eccentric will raise the sun high in the sky. 
For his compatriot in Wellington, it will be winter. The tilt of the ecliptic means 
that the sun rises high above the equator, leading to short days and long nights in 
the southern hemisphere. For both, the sun occupies the same location on the 
ecliptic. Six months later the seasons are reversed. When this device is accurately 
employed, it seems that “the sun’s motion on the eccentric can exactly match the 
unequal length of the seasons.” It can also show why the sun’s passage from vernal 
equinox to autumn equinox takes six days longer, according to modern values. 
[Rosen 1984, 26; Neugebauer 1968, 91, Kuhn 1957, 67]

How does Copernicus explain the seasons? There are a number of phenomena 
to be explained, which, as Copernicus insisted, are related to each other. Can 
the Copernican system solve the problem? Apart from the familiar motions of the 
Earth: the daily rotation and the annual motion, Copernicus stipulates what he 
calls the “deflexion of the axis of the moving Earth.” [Copernicus 1543, Bk. I, §2, 
§11] It attributes a third motion to the Earth. The third motion has the function 
of explaining the change of seasons. Rheticus calls it “the motion of its poles”:

The third motion of the Earth produces the regular, cyclic changes of the season on 
the whole Earth; for it causes the sun and the other planets to appear to move on a 
circle oblique to the equator (…). [Rheticus 1540, 150–1]

Why does the Copernican system need to assume a rotation of the Earth’s axis 
to explain the seasons? According to Copernicus the Earth is a planet but it is 
attached to a sphere, which carries it round the sun. This means, however, that the 
Earth’s axis does not remain parallel to itself. An easy experiment will convince the 
reader that the axis will not keep its fixed orientation in space. All we need is a pen, 
a rubber band, and a cup. Attach the pen at an angle to the cup and rotate the cup 
slowly anticlockwise. Let us say that at the start the pen points from northeast to 
southwest. We now rotate the cup by 90°. The pen will point from northwest to 
southeast. The rotation of the cup, which corresponds to the second motion of the 
Earth in the Copernican system, does not keep the orientation of the Earth’s axis 
constant. Copernicus therefore assumed a third, conical motion, which returns the 
axis to its original orientation in space. [Kuhn 1959, 165] [Figure 1.7b]

A curious situation confronts us. Both the geocentric and the heliocentric 
models are able to explain the seasons. Yet the Ptolemaic account seems simpler, 
since Copernicus needs to postulate a third motion of the Earth. Formally, 
it makes no difference whether we assume a tilted eccentric circle around a 
 stationary Earth or a tilted axis of a moving Earth around a stationary sun. 
A simpler  explanation is, however, not necessarily the most adequate explanation. 
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Figure 1.7 (a) The seasons as seen from the viewpoint of an observer in the northern 
hemisphere, according to the modern, Copernican view. The central axis of the Earth is 
inclined at 23.5° and remains constant with respect to the plane of the orbit around the sun. 
The model illustrates how the summer and winter solstices are linked and result in the dif-
ferent lengths of the day. [Copernicus, Commentariolus 1959, 63]; (b) The seasons as seen 
from the viewpoint of an observer in the northern hemisphere, according to the  Copernican 
view. The central axis of the Earth is inclined at 23.5° but it does not remain constant with 
respect to the plane of the orbit around the sun. The Earth is carried on a sphere (double 
lines) around the “central” sun. As the experiment with the cup shows, this leads to a 
change of the orientation of the axis, which Copernicus calls “the deflexion of the axis” 
(of the Earth). The motion performs a small circle, in the opposite direction to the motion of 
the Earth, to compensate for the changing “tilt” of the axis. In his modification of the Coper-
nican system, Kepler dispenses with the third  movement.
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28 Nicolaus Copernicus: The Loss of Centrality

The Ptolemaic  explanation derives from a model that captures little of the  physical 
reality of the solar system. Unlike the Ptolemaic model, the Copernican model 
represents the solar system as a proper system. We would expect that the 
Copernican system succeeds better at explaining the asymmetry of seasons across 
the hemispheres. With the stipulation of the three motions of the Earth Copernicus 
hopes to explain the phenomena conjointly, not separately. (Ptolemy can actually 
ignore the daily rotation of the Earth, since it plays no part in the explanation of 
the seasons.) As the Copernican model deals with the planets as a system, it has 
no difficulty in explaining the asymmetry of the seasons and the varying lengths 
of the days. In this sense the Copernican system has greater explanatory power: 
by adopting the mobility of the Earth, it naturally explains retrograde motions, 
the seasons, and the relative distance of the planets from the sun. But the 
Copernican system is more unwieldy than the Ptolemaic model, at least in this 
respect. Nevertheless, it retains a closer fit to the solar system than the Ptolemaic 
model. It was amended when Kepler pointed out that the third motion of the 
Earth is not needed. Kepler can dispense with it because there is no need for 
spheres. Astronomy can easily do “without the useless furniture of fictitious  circles 
and spheres.” [Kepler 1618–21, Bk. V, Part I, 124] The Earth moves freely 
around the sun, always keeping its axis constant with respect to an axis drawn 
through the center of the sun. [Figure 1.7a]

3.3 Copernicus and the Copernican turn

This transformation of the planetary loops from a physical reality to an optical 
appearance was an invincible argument for the validity of the astronomy of 
Copernicus. [Rosen, Copernicus and the Scientific Revolution (1984), 115–16]

It has become customary to speak of the Copernican turn since Kant referred to 
the Copernican hypothesis in his Critique of Pure Reason. [Kant 21787, Preface]. 
Kant proposed that philosophy needed a change of perspective. Empiricism had 
regarded the mind as a blank sheet, a tabula rasa. Through observation and 
 inductive reasoning humans acquired sense impressions of the material world. 
From these impressions the mind forms ideas, which slowly fill the tabula rasa. 
Rationalism had equipped the human mind with innate capacities. Through pure 
thinking the human mind could understand the basic structure of the natural 
world. Observation was needed only to confirm the postulations of the mind. Kant 
argued that each approach to knowledge was mistaken on its own terms. What was 
needed was a synthesis. Empiricism was right to insist on the importance of empir-
ical knowledge. Rationalism was right to insist on the importance of rational 
 principles. The synthesis could be brought about by a Copernican turn in philoso-
phy. Do not look at knowledge either from the perspective of the world–mind 
relationship, like Empiricism, or the mind–world relationship, like Rationalism. 
Change your  perspective. Knowledge is not the result of an active world etching its 
stamp on a passive mind (Empiricism). Nor is knowledge the result of an active 
mind putting its seal on a passive world (Rationalism). Human knowledge comes 
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about through a partnership between an active mind and an active world. The 
mind already comes equipped with basic principles about causality, substance, 
space, and time. But they are too abstract to constitute empirical knowledge; they 
are presuppositions to objective knowledge. They need the encounter with the 
empirical world to give rise to empirical knowledge. The rational mind seeks a 
union with the empirical world. This is the Copernican turn in philosophy.

Copernicus himself provides us with a sense, a very primary sense, of what we 
mean by the Copernican turn. It is a shift in perspective. Copernicus invites the 
reader to change the focus of the explanation. Consider an object, which appears 
to move. And consider an observer, who appears to be stationary. Sitting on a 
train at a platform, the passenger is often momentarily unclear as to whether her/
his train has started to move or whether it is the train on the neighboring rail 
which has begun to pull out of the station. If we exchange the perspective between 
object and observer the motion remains invariant. We can describe it as motion 
of our train in the forward direction or as motion of the other train in the oppo-
site direction. What is true for the train is true for the planets. If the sun appeared 
to move past the stationary observer on Earth from east to west, it is now the 
observer who must move past the “stationary” sun from west to east. In this 
change of perspective, some features must remain invariant. As we saw in the 
explanation of the seasons, Copernicus exchanges the tilt in the sun’s ecliptic 
against a tilt in the Earth’s axis. The tilt (23.5°) remains invariant but the tilted 
sphere passes from the sun to the Earth. How will this change of perspective work 
in the case of an observer on Earth? From the point of view of an apparently sta-
tionary Earth-bound observer, the fixed stars seem to move from east to west, 
while the planets generally move from west to east, with the exception of retro-
grade periods. If we change the perspective and make the Earth-bound observer 
move from west to east in the daily rotation of the Earth, the movement remains 
but the direction changes. The sun appears to us to rise in the east and to set in 
the west. If we hold the sun fixed and make the Earth turn on its own axis from 
west to east, the orbit of the sun through the sky remains the same but then its 
direction changes. In fact, all the properties of the apparent movement of the sun 
through the stellar constellations – the  ecliptic – remain constant, only the perspec-
tive of motion changes. This, as Copernicus argued, is altogether more economi-
cal. It is more rational for the motion of the Earth to produce the apparent rapid 
motion of the fixed stars than it is for the fixed stars to rotate rapidly once on their 
sphere in a 24-hour rhythm. Copernicus announces his change of perspective 
very early on in the book:

Although there are so many authorities for saying that the Earth rests in the center of 
the world that people think the contrary supposition inopinable and even ridiculous; 
if however we consider the thing attentively, we will see that the question has not yet 
been decided and accordingly is by no means to be scorned. For every apparent change 
in place occurs on account of the movement of either of the thing seen or of the spectator, 
or on account of the necessarily unequal movement of both. For no movement is 
perceptible relatively to things moved equally in the same directions – I mean  relatively 
to the thing seen and the spectator.
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This passage describes the change of perspective, which will have to leave the 
observations invariant:

Now it is from the Earth that the celestial circuit is beheld and presented to our sight. 
Therefore, if some movement should belong to the Earth it will appear, in the parts 
of the universe which are outside, as the same movement but in the opposite direc-
tion, as though the things outside were passing over. And the daily rotation in especial 
is such a movement. For the daily revolution appears to carry the whole universe 
along, with the exception of the Earth and the things around it. And if you admit that 
the heavens possess none of this movement but that the Earth turns from west to east, 
you will find – if you make a serious examination – that as regards the apparent rising 
and setting of the sun, moon, and stars the case is so.

Copernicus concludes the argument with a slightly veiled appeal to Ockham’s razor. 
This is the principle, stated very liberally and without respect for its original context, 
that simplicity of explanation is a great virtue in science. Of two different explanations 
concerning the same phenomenon, the simpler explanation is  generally to be pre-
ferred. A simpler explanation is not a simplistic explanation. It is an  explanation that 
leaves fewer things unconnected and explains more things with fewer principles.

And since it is the heavens, which contain and embrace all things as the place common 
to the universe, it will not be clear at once why movement should not be assigned to 
the contained rather than to the container, to the thing placed rather than to the thing 
providing the place. [Copernicus 1543, Bk. I, §5; Bk. III, §1]

Copernicus hints at a second feature of the Copernican turn. The shift in perspec-
tive, which occurs on the background of some invariant feature, must be accompa-
nied by some explanatory gain. If it were not, we would have a mere exercise in 
perspectivism. We would have different perspectives, all equally valid, without 
recourse to an adjudication between them. But such perspectivism would not be 
true of the history of science. Copernicus takes great pain to argue that the 
Copernican hypothesis gives us explanatory advantages. He uses the movement of 
the Earth as the more plausible principle. [Copernicus 1543, Bk. I, §1; see also the 
seven principles in Commentariolus 1959, 58] From this perspective the relative 
distance of the planets can be determined. Retrograde motion is not a problem of 
geometry. It is a physical reflection of our position in the solar system. It is true 
that the explanation of the seasons is more cumbersome from the Copernican per-
spective. But this could easily be amended by abandoning the spheres. The 
Copernican explanation is then a better approximation to the appearance of the 
seasons than the Ptolemaic account.

A shift in perspective is an important feature of the Copernican turn. Many great 
scientists began with a shift in perspective. Darwin, as we shall see, argued for a 
shift in perspective with respect to the great problem of his time: the “origin” of 
species. The scientists argued for a change in perspective to increase the explana-
tory gain, while keeping other things invariant. What about influential thinkers in 
the social sciences, like Marx and Freud? These thinkers, too, brought about a 
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change in perspective. But it is a matter of dispute whether the explanatory gain, 
for which they claimed credit, really does accrue to their shift in perspective. This 
shadow of doubt also hangs over Copernicus. It explains why Copernicus is not 
seen as a true scientific revolutionary. A scientific revolution requires a change in 
perspective. But a mere change in perspective does not constitute a scientific 
 revolution. An important ingredient in a scientific revolution is some “explanatory 
gain.” If doubts remain about the explanatory gain achieved by a turn in thinking, 
there are doubts about a true revolutionary impact. This was Copernicus’s prob-
lem, as we shall see. Thinkers like Copernicus and Freud, however, remind us of a 
further consequence of a scientific revolution: it has a significant impact on the way 
people begin to perceive the world. In the case of Copernicus this leads to a loss of 
centrality. In the case of Darwin it brings about a loss of design. And in the case of 
Freud it results in a loss of transparency.

A scientific revolution may need time to unfold. It is possible for one thinker to 
introduce a change of perspective and for others to complete the picture. The history 
of astronomy from Copernicus to Newton illustrates this point. In its etymological 
sense, the term “revolution” indicates an uprooting, a reversal and an overthrow of 
old established views or conditions. Working with the notion of “turn of ideas” or 
“shift of perspective” allows us to focus on scientists who completed the shift of 
 perspective. The Copernican turn consisted in a realignment of the geometric arrange-
ment of the planets. Astronomers built models out the existing material: the six 
planets known from antiquity to the eighteenth century. Once the components are at 
hand an immediate question imposes itself. How are these  elements to be arranged 
with respect to each other? The Greeks started a long tradition of model-building in 
the history of astronomy. It consisted of two tasks: first, to determine a topologic 
structure of the model, which would arrange the planets in a geometric or spatial 
order. Most Greek astronomers opted for a geocentric arrangement. Copernicus 
reversed this tradition by choosing a heliocentric arrangement. Once a topologic 
structure is chosen, an algebraic structure for the model must be found. The alge-
braic structure determines the quantitative relationships between the components in 
the models. The Greeks worked with various geometric devices: eccentric circles or 
deferents and epicycles. Copernicus changed the topologic structure of planetary 
models. But he retained the geometric assumptions of his Greek predecessors. For 
this reason Copernicus never achieved the explanatory gain associated with a scien-
tific revolution. Any explanatory advance to which Copernicus can lay claim accrues 
to the topologic structure of the heliocentric model. Copernicus made no contribu-
tion to the algebraic structure of planetary models. The explanatory gain in algebraic 
structure was achieved slowly through the work of Kepler, Galileo, and Newton.

We can applaud Copernicus for his introduction of a shift in perspective, and yet 
credit his brilliant successors with the completion of the Copernican turn. In a scien-
tific revolution, a change of perspective against the background of invariant elements 
must be augmented by an explanatory gain in the algebraic structure. 
We shall see that Darwin’s theory was able to offer the explanatory gain, while Freud 
failed as much as Copernicus. We do no harm in considering Copernicus’s work as 
the dawn of the Copernican revolution and modern science. Copernicus is more a 
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major figure in the history of scientific ideas than in the history of scientific  revolutions. 
[Blumenberg 1957; 1981, Part I, I; Part III, II; 1965, II] Copernicus had a major 
impact on the way humans placed themselves in the wider cosmos. We shall see that 
major philosophical questions arise from the Copernican turn and the Copernican 
revolution. But let us first complete the story of the Copernican  revolution.

3.3.1 A philosophical aside: From empirical adequacy to theoretical validity The 
preceding sections harbor some philosophical lessons. The explanation of the sea-
sons in geocentrism and heliocentrism, respectively, shows that in scientific expla-
nation we require more than an agreement of the model with the empirical data. 
Let us say that two incompatible models, which agree with the empirical evidence, 
enjoy empirical adequacy. Both the Ptolemaic and the Copernican models can 
explain the available data equally well, but they do so on the assumption of differ-
ent structures. Both are possible explanations with respect to the available evi-
dence. The Copernican model reveals, however, a better topologic structure than 
the geocentric model. In order to mark the difference in fit we shall say that it gains 
empirical validity. We also require of a model that its mathematical structure must 
be in agreement with the structure of the target system. In order to achieve this fit 
the model must become a structural model or theory. [See Section 6.5.1] As the 
mathematical structure explains the observable phenomena, we shall say that an 
explanatory theory must acquire theoretical validity. We see the need for theoreti-
cal validity in the history of planetary models. The Greeks strived to “save the 
phenomena.” They tried to match their sense observations with their presupposi-
tions about planetary motion. The geocentric model was fairly accurate in its pre-
dictions of planetary motion but it was based on a mistaken structure: devices like 
eccentric and epicylic motion. As these devices do not reflect any physical mecha-
nism, they have no theoretical validity. Although Copernicus also employs these 
devices, his model arranged the planets in a spatial order, which is close to the spa-
tial (topologic) structure of the solar system. In this respect it was empirically valid. 
The heliocentric model, in its Keplerian form, enhances the approximation of the 
model to the reality of the solar system, because it replaces the traditional geocen-
tric devices by a new algebraic structure. With Newton, it finally becomes a theory. 
As we shall see in the following section, Kepler discovered mathematical laws to 
describe planetary motion which no longer require the planets to be carried on 
spheres in circular orbits. The upshot is that we want the model assumptions to be 
more than instrumentalist hypotheses. The model assumptions must be in agree-
ment with the structure of the natural system. [See Section 6.5] This requirement 
points us toward a discussion of instrumentalism and realism. [Section 6.2]

3.4 Copernicus consolidated: Kepler and Galileo

Kepler’s marvelous achievement is a particularly fine example of the truth that 
knowledge cannot spring from experience alone but only from the comparison of 
the inventions of the intellect with observed fact. [Einstein, “Johannes Kepler” 
(1930), 266]
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Copernicus launched a new research pro-
gram, whose completion relied on some 
groundbreaking contributions. The next 
central figure to enter the stage is Tycho 
Brahe, a Danish astronomer (1546–
1601). Brahe was a lifelong opponent of 
Copernicanism. Neverthe less he occupies 
a pivotal position in the  history of helio-
centrism. For Brahe deve loped ingenious 
observational methods and collected a 
wealth of new data: [Figure 1.8]

● In 1572 he discovered a new star, 
 which at first shone very brightly in 
 the sky but later disappeared. Brahe 
 had in fact discovered a supernova. 
 This is the appearance in the sky of 
 a very bright light, owing to the 
 momentous explosion of a massive 

Figure 1.8 Tycho Brahe’s observatory on the Island of Hven. Source: Nature 15 (1876–7), 
p. 407

Tycho Brahe (1546–1601) 
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34 Nicolaus Copernicus: The Loss of Centrality

star. The light increases its brightness  hundreds of millions of times in the span 
of only a few days.

● Between 1577 and 1596, Brahe discovered comets in the sky, the orbits of 
which had to be located beyond the moon’s sphere. Perhaps the most famous 
comet is Halley’s comet, named after the Astronomer Royal, who used Newton’s 
theory to predict its orbit. More recently, Earthlings had the visit of comet 
Hale–Bopp, whose closest approach to Earth occurred on March 22, 1997 at 
123 million miles. [Figure 1.9]

These discoveries were highly significant, because they raised serious questions 
about the immutability of the heavens, a feature of the supralunary sphere in 
Aristotelian cosmology. The appearance of a supernova far beyond the sublunary 
sphere was not compatible with the dogma of its never-changing nature. The orbits 
of comets are highly elliptical. For instance, the orbit of Halley’s comet crosses the 
orbits of the outer planets, reaching almost as far as Pluto before it returns to 
Earth. Comet Hale–Bopp traversed the solar system from outer space, returning 
from its last visit in 2214 BC. On the Aristotelian–Ptolemaic view, such orbits should 
simply not be permitted. Recall that for these reasons Galileo’s visitors refused to 
contemplate the existence of Jupiter moons. An alternative attitude is a kind of 

Figure 1.9 A schematic view of the orbit of comet Hale–Bopp between Venus and Mars 
on its way through the solar system in June 1997. The orbits of Mars and Venus are inclined 
with respect to the ecliptic
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defeatism, which we find in the concluding part of Ptolemy’s Almagest. Our 
 knowledge of celestial bodies is so limited that what is impossible according to 
our model – comets smashing through the spheres – may turn out to be possible 
in the heavens. [Ptolemy 1984, Bk. XIII, §2]

Tycho Brahe proposed a compromise between the Copernican and Ptolemaic 
systems. In his system the Earth is at the center of the 
universe with the moon and the sun circling around 
it; but the other planets circle around the sun. Brahe’s 
system was important to those astronomers who 
wanted to use the Copernican system because of its 
calculational advantages but could not adopt the 
motion of the Earth for philosophical reasons. [Kuhn 
1957, 202] It leads to better astronomical tables.

Without Brahe’s astronomical data, Johannes 
Kepler could not have discovered his three astro-
nomical laws. They are the first mathematically pre-
cise laws in astronomy:

1.  The first law states that the orbit of planets is 
not circular but elliptical. With this law, the 
ancient ideal of circular motion is consigned to 
the dustbin of the history of ideas.

2. The second law gives up the notion of a uniform motion, which had still been 
assumed by Copernicus. It states that the orbital period of each planet varies in 
such a way that “A line drawn from a planet to the sun sweeps out equal areas 
in equal times.” A planet near the sun moves faster than a planet further away, 
but a line joining each planet to the sun sweeps through equal areas of the 
ellipsis in equal intervals of time.

3. The third law establishes a relation between the speeds of planets in different 
orbits, P, and their average distance from the sun, A: A3 µ P 2.

Some believe that the statement of these laws makes Kepler the true revolutionary 
in the history of astronomy. [Koestler 1964, Part IV] Recall the distinction between 
topologic and algebraic structure. Kepler rejects much of the Greek tradition to 
which Copernicus still adhered. The fictitious circles and spheres (Kepler 1618–21, 
Bk. IV, Part I, 124), and even more importantly the doctrine of circular motion, 
are rejected as elements of the topologic structure. With his three laws, Kepler 
makes a major contribution to the improvement of the algebraic structure of the 
heliocentric model. Further, Kepler wants to build an astronomy based on the 
physical causes of planetary motion. He makes a proposal that solar heat and light 
may keep the planets in their elliptical orbits. [Kepler 1618–19, Bk. IV, Pt. II] His 
intention is to appeal to natural powers, rather than “intelligences,” to “move the 
planets.” He attributes a “motor soul” to the sun. Unsurprisingly, Kepler’s pro-
posal failed. Several more steps were needed before the Copernican revolution was 
completed. The completion required that the proponents of heliocentrism shared 
some but not all of the basic convictions.

Johannes Kepler (1571–1630)
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36 Nicolaus Copernicus: The Loss of Centrality

This point is well illustrated in the work of Galileo 
Galilei. Galileo is a Copernican who hardly takes 
any notice of Kepler’s achievement. He ignores 
Kepler’s discovery of the elliptical orbit of all plan-
ets and embraces the notion of circular movement 
as the natural movement of all bodies. Yet his 
 importance for science cannot be doubted. It is 
threefold:

1. He defends the Copernican worldview and 
 provides new evidence, through his work with 
the telescope, which discredits the Aristotelian–
Ptolemaic view, and bestows credit on the helio-
centric hypothesis. As we have already noted, 
Galileo starts with new presuppositions. What is important, he argues against 
 scholastic scholars, like the Mathematician and Philosopher in Brecht’s play, is 
the use of observations and the mathematical description of nature. All of 
Galileo’s  observations provide evidence that the heavens are not immutable.
(a)  The Jupiter moons, which he would like his guests to observe through 

the telescope in lieu of a scholarly dispute, provide a visible scale model 
of the Copernican solar system. The moons orbit Jupiter as their center. 
If Jupiter were carried on a crystal sphere, the moons would break through 
it. Contrary to the Philosopher’s opinion, there are celestial bodies which 
“orbit around centers other than the Earth.”

(b)  The study of the topography of the moon shows the similarity between 
the Earth and the moon. It casts into doubt the rationale of the two-
sphere universe.

(c)  The observations of the sunspots, like the moon’s surface, conflict with 
the assumed perfection of the celestial region of the universe.

(d)  The phases of Venus provide direct information about the shape of 
Venus’s orbit. As Venus lies inside the orbit of the Earth, Earth-bound 
observers see it illuminated in different orientations. It provides direct 
proof that at least Venus orbits the sun. [Koestler 1964, 431–5; Kuhn 
1957, 222–4; Copernicus 1543, Preface; DeWitt 2004, 156–64]

(e)  The study of the Milky Way hints at the potential infinitude of the 
 universe.

2. Galileo develops the science of mechanics. It paves the way for a modern theory 
of motion, which dispenses with “pushes” and “impulses.” Galileo develops his 
fall law, according to which all objects fall at the same rate, given by the gravi-
tational acceleration near the surface of the Earth. Galileo also formulated a 
principle of relativity. [Galileo 1953, 199–201] A system at rest and a system 
in constant motion are equivalent from the physical point of view. The systems 
are invariant to this change of viewpoint. Galileo offers a famous thought 
experiment to demonstrate the equivalence of inertial systems. In a cabin below 
the deck of a large ship, observe the behavior of “flies,” other “small winged 

Galileo Galilei (1564–1642)
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 creatures,” and “fish in a bowl.” At first the ship is at rest. When the first set of 
observations is completed, let the ship proceed with uniform speed. The obser-
vations will reveal no difference in the behavior of the creatures. [Galileo 1953, 
199–201] Anything that happens to objects in these systems happens accord-
ing to the same laws. Thus, although we change the perspective, the regulari-
ties are invariant. Galileo’s discovery of the principle of relativity was vital for 
the understanding of the most pressing question of astronomy: “How do plan-
ets move in their orbits?” It was left to Newton to provide the final answer. 
[Section 5]

3. Finally, he becomes an ardent defender of the freedom of scientific inquiry 
against the interference of the Church. Like Roger Bacon in the Middle Ages, 
Galileo pleads for a separation of theology and natural philosophy. Passages in 
the Bible may not literally mean what they appear to say. For this reason we 
should not use biblical passages to call in question what observations or math-
ematical reasoning teach us.

Kepler and Galileo developed the heliocentric model; standing on their shoulders 
Newton completed it. We begin to see more clearly why Copernicus was not a 
scientific revolutionary.

4 Copernicus was not a Scientific Revolutionary

Therefore, since the sun is the source of light and eye of the world, the center is due 
to it in order that the sun (…) may contemplate itself in the whole concave 
 surface (…) and take pleasure in the image of itself, and illuminate itself by 
shining and inflame itself by warming. [Kepler, Epitome of Copernican 
 Astronomy (1618–21), Bk. IV, Part I, §2 (20)]

Ever since Copernicus effected his Copernican turn, the question has been asked 
whether he was a scientific revolutionary. Copernicus himself and his disciple 
Joachim Rheticus were aware of the explosive nature of even a Copernican turn. In 
his Dedication to Pope Paul III, Copernicus admits that his heliocentric hypothesis 
will strike many of his contemporaries as absurd. Rheticus seems to find it necessary 
to emphasize that Copernicus was not “driven by lust for novelty.” [Rheticus 1540, 
187] But the geocentric view is unable to explain the “remarkable symmetry and 
interconnection” of planetary motions. The ancients failed because they did not 
regard the planets and their motions as a system. [Rheticus 1540, 138] As we have 
seen in the foregoing discussion, it is important for a scientific theory to explain all 
the phenomena that fall into its domain. Rheticus appeals to this criterion when he 
holds that only those hypotheses that can explain both apparent anomalies of plan-
etary motion are acceptable. [Rheticus 1540, 168]

There was a clear perception that the Copernican turn bore the seeds of a new 
worldview. But was the Copernican turn revolutionary? Many scholars have con-
sidered this question. Some will give Copernicus very little credit. Copernicus’s 
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book is “little more than a re-shuffled version of the Almagest.” [De Solla Price 
1962, 215] The heliocentric system is not an improvement in computation over 
the geocentric system but “it is more pleasing to philosophical minds.” [Neugebauer 
1968, §10; Koestler 1964, Part III] The Copernican system has aesthetic advan-
tages. [Kuhn 1959, 171–81] It also explains two gross planetary irregularities 
without resorting to major epicyles: retrograde motion and the varying times 
 planets need to complete their orbits around the sun. [Kuhn 1959, 165–71] As 
we have seen, it also explains the seasons, although this explanation is aesthetically 
less pleasing than the Ptolemaic attempt. Most historians of science agree that 
Copernicus did not accomplish a scientific revolution.5

There are many reasons for this judgment. Firstly, Copernicus is still committed 
to the Greek ideals of circular motion. His main objection against Ptolemy is the 
use of the equant, which violates the ideal uniform circular orbs.

Secondly, there is an inconsistency in the Copernican treatment of planetary 
motion, which reveals itself in a discrepancy between the first part of the De 
Revolutionibus and the rest of the book. In Part I, Copernicus starts confidently 
with an assertion of the annual motion of the Earth around the sun. He believes 
that the motion is real and that it has explanatory value. But in the technical sec-
tions of his book, we encounter what Ptolemy called the “equivalence of hypoth-
eses.” Different geometric techniques are regarded as equivalent for the description 
of planetary motions. It is true that they may be “sufficient for the appearances” 
but they do not provide real explanation. Copernicus’s indifference toward differ-
ent methods reveals that he is not concerned with a physical explanation of the 
appearances. Such a physical explanation is, however, required to advance astron-
omy beyond a mere description of planetary orbits. Copernicus agrees with the 
Greeks that “planets are not carried on homocentric circles.” [Copernicus 1543, 
Bk. V, §3] This geometric device fails to account for apparent irregularities in 
planetary motions. But he relies on the techniques to which the Greeks had already 
resorted: the use of deferents and epicycles. He regards these alternative techniques 
as equivalent and as “sufficient for the appearances.” [Copernicus 1543, Bk. V, §4] 
In this respect Copernicus made no progress over Ptolemy. Kepler rightly com-
plained that his predecessors had sought the “equipollence of their hypotheses 
with the Ptolemaic system.” [Kepler 1618–19, Bk. IV, Pt II, §5] For this reason we 
need to distinguish between empirical adequacy and theoretical validity.

Thirdly, there are more dynamic reasons why Copernicus is not regarded as a 
scientific revolutionary. Copernicus employs the impetus theory to confer natural 
circular motion on the Earth. This explains why buildings do not crumble to the 
ground when the Earth turns but it does not answer the central question of six-
teenth-century astronomy: why planets orbit the sun at varying speeds and dis-
tances. Copernicus offers geometric devices, which Kepler had to replace by 
physical laws. But Copernicus has no concept of inertia or gravitation. The concept 

5 See Dreyer [1953], 342–4; Dijksterhuis [1956], Part IV, I; Koestler [1959], 148–9, 213; Mittelstraß 
[1962], IV.6; Neugebauer [1968], 92, 103; Rybka [1977], 171; Wolff [1978], Part III, 8; Gingerich 
[1982]; Blumenberg [1981], Part I, VI, 99; Rosen [1984], 133.
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of planetary motion around the sun allows Copernicus to abandon the major 
 epicycles. But his concept of steady circular motion forces him to adopt minor epi-
cycles. From a mathematical point of view his system is not much simpler; from the 
 physical point of view it leaves unanswered “why”-questions.

Nevertheless, Copernicus initiated a Copernican turn. [Dreyer 1953, 342–3] 
His change of perspective brought some noteworthy advantages to astronomy. 
The most important is, as Rheticus repeatedly stresses, that Copernicus binds the 
planets into a coherent system. Move one sphere out of place and you disrupt the 
entire system. [Rheticus 1540, 147; Copernicus 1543, Preface] As we have seen, 
Copernicus was very aware of the importance of coherence:

(The) Mobility of the Earth binds together the order and magnitude of the orbital 
circles of wandering stars. [Copernicus 1543, Bk. V, Introduction]

Kepler also perceived this advantage very clearly:

Ptolemy treats planets separately; Copernicus and Brahe compare the planets with one 
another. [Kepler 1618–9, Bk. I, Part I, §5]

The conception of the coherence of planetary phenomena obliges the Copernicans 
to build a model of the planetary system which must accommodate all the known 
empirical data. In this respect the Copernican model is partially successful. By cor-
relating the movement of the “wandering stars” with the “circular movement of 
the Earth,” “all” phenomena follow, so Copernicus claims. [Copernicus 1543, 
Preface] Although they do not all follow, the Copernican system naturally explains 
the appearance of retrograde motion of the planets and the seasons; it correctly 
determines the order and relative distances of the planets from the sun. [Copernicus 
1543, Bk. I, §10] It also makes the daily and annual motion of the Earth around 
the sun a reality, rather than a computational device. [Copernicus 1543, Bk. I, 
§11] The successes and failures of the Copernican system provide useful indica-
tions as to the criteria of scientific revolutions.

4.1 The Copernican method

In the center of all rests the Sun (…) as if on a kingly throne, governing 
the family of stars that wheel around. [Copernicus, De Revolutionibus (1543), 
Bk. I, Ch. 10, quoted in Gingerich, The Eye of Heaven (1993), 34]

Although Copernicus relied to a large extent on ancient observations, he was no 
stranger to making his own observations. At the same time Copernicus was aware 
of the theoretical work of his predecessors. He shows much respect for Ptolemy. 
Unsurprisingly, a particular mention is reserved for Aristarchos of Samos who 
anticipated a heliocentric system. In his appreciation and awareness of the work of 
his forebears, Copernicus in turn anticipates Charles Darwin. There are two note-
worthy elements in these stories of discovery. Copernicus – and this is true of 
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Darwin, as we shall see – enters a conceptual space in which some theoretical 
accounts already vie for attention. These theoretical accounts claim to be able to 
account for the “appearances.” The Copernican model arrives in an inhabited 
niche. This conceptual space already accommodates an elaborate system of geocen-
trism, a sketchy report of heliocentrism, ancient observations, and the impetus 
theory of motion. As we know, Copernicus made his own observations, which did 
not, however, lead to new discoveries. The existence of a conceptual space allows 
us to infer two points. Copernicus did not arrive at his heliocentric system by way 
of an inductive generalization over the available observations. And secondly, we 
find in Book I of De Revolutionibus and in Narratio Prima an explicit  consideration 
of the virtues and vices of contrasting models of the solar system.

Rheticus has left us a brief statement of the Copernican method. First, he reports, 
Copernicus compared the ancient and medieval observations with his own find-
ings, “seeking the mutual relationship which harmonizes them all.” [Rheticus 
1540, 163] He then compared these observations with the “hypotheses of Ptolemy 
and the ancients.” The examination shows that the ancient hypotheses do not 
stand up to the test. Copernicus was forced to adopt new hypotheses, elements of 
which, as he himself acknowledged, he found in the existing store of astronomical 
knowledge. Rheticus embellishes the situation. Copernicus found the geocentric 
hypothesis wanting for reasons of economy and simplicity, not because it was in 
direct contradiction with the observations. In his Sketch of the Heliocentric System 
(The Commentariolus), of which only handwritten copies existed during his life-
time, Copernicus admits that the Ptolemaic system is “consistent with the numeri-
cal data.” However, it also postulates the geometric device of the “equant,” which 
Copernicus finds aesthetically objectionable. It violates his belief in heavenly uni-
formity and regularity. [Copernicus, Commentariolus, 1959, 57; see Rosen 1959, 
38; 1984, 67] Copernicus considers a heliocentric hypothesis on the background 
of the geocentric tradition. By applying mathematics, Rheticus continues, 
Copernicus

geometrically establishes the conclusions which can be drawn from them [i.e. the new 
hypotheses] by correct inference; he then harmonizes the ancient observations and his 
own with the hypotheses which he has adopted; and after performing all these 
 operations he finally writes down the laws of astronomy. [Rheticus 1540, 163; italics 
added]

The “laws of astronomy” are the circular uniform orbs, which Kepler replaced. 
What is important in the present context is the observation that Copernicus made 
inferences. He uses the available data to infer that the Ptolemaic model was inade-
quate. Simultaneously, he infers from the data that the Copernican hypothesis is 
more adequate. The available data do not just consist of observations. Copernicus 
employs impetus considerations to parry the traditional plausibility arguments 
against the motion of the Earth. The Copernican inference is double-pronged. The 
same observations, which discredit the geocentric models, lend some credit to 
the heliocentric model. Furthermore, deductive consequences follow from the 
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 heliocentric model, which are in better harmony with the observations. For 
instance, the correct order and the relative distances of the planets are deductive 
 consequences of heliocentrism. It is also a deductive consequence of heliocentrism 
that retrograde motions are an artifact of geocentrism. As we shall see, inferential 
practices are of great importance in the history of science. These are not to be 
confused with simple induction by enumeration. Scientists like Copernicus faced 
available evidence and competing models. They use observational evidence and 
other criteria, like the probability of explanation, to infer that some models are 
more appropriate than others. Observational evidence, probability considerations, 
and the impetus theory of motion now act as constraints on the acceptability of 
competing models. In a later chapter we will treat this basic procedure – inferring 
the cognitive adequacy of one model from the available constraints and simultane-
ously discrediting a competing model – as the method of eliminative induction. 
We face a competition between rival models, which claim to explain the available 
evidence. Each model is based on different presuppositions – geocentric vs. helio-
centric assumptions – but no model enjoys absolute validity. Rather, it is a question 
of explanatory weight. Given the observations and other constraints, which system 
provides the more likely explanation? We will find this attitude in Darwin. The 
hypothesis of natural selection is a more likely explanation of species diversity than 
the design argument. The Copernicans employed probability arguments in favor of 
heliocentrism. It is physically more probable, they said, that the Earth turns once 
on its own axis in 24 hours than that the sphere of the fixed stars moved “at incal-
culable speed,” in the same period, around a stationary Earth. [Kepler 1618–21, 
Pt. I, §3] And so, Kepler continues,

(…) it is more probable that the sphere of the fixed stars should be 2,000 or 1,000 
times wider than the ancients said than that it should be 24,000 times faster than 
Copernicus said. [Kepler 1618–21, Bk. IV, Part I, §4 (43)]

The annual movement of the Earth around the sun gives us “a more probable 
cause for the precession of equinoxes.” [Kepler 1618–21, Pt. II, Book IV, §5; 
Copernicus 1543, Book I, §6]

As Copernicus and Kepler clearly saw, some models are better at dealing with the 
evidence than others. An inference to a model, which is more adequate with respect 
to the available constraints, is not an inference to the true model. The constraints 
themselves are subject to critical scrutiny. Copernicus still considered uniform cir-
cular motion as an all-important constraint and demanded that the Copernican 
hypotheses save the appearances. [Rosen 1959, 29] The history of heliocentrism 
from Copernicus to Newton confirms that a better model is better relative to both 
the available evidence and more theoretical considerations. With his planetary laws, 
Kepler introduced important changes into the Copernican model. Tycho Brahe 
and Galileo Galilei recorded observations which are more consistent with heliocen-
trism than geocentrism. Toward the end of the seventeenth century, Newton com-
bined the idea of inertia and gravitation to arrive at a plausible mechanical 
explanation of why planets stay in orbits. In 1687 the constraints on an adequate 
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model of astronomy had changed considerably. But now a difficulty confronts us. 
Recall that the geocentric model explains the seasons as well as the Copernican 
model. Why should we prefer the latter, given its additional redundant assumption 
of a third motion of the Earth?

4.2 The relativity of motion

Galileo introduced into physics the principle of the relativity of motion. (Einstein 
later adopted this principle and generalized it.) Insects fly through the cabin in the 
same manner, irrespective of the inertial motion of the boat. According to the 
principle of relativity, the kinetic motion of an object can be described from either 
a stationary or a moving reference frame. As long as the motion is inertial (either 
at rest or moving at constant velocity), both views are equivalent. They must lead 
to the same numerical results. It is a matter of choice, which system we regard as 
the frame at rest and the frame in motion, respectively. This makes no difference to 
the physics of the situation.

From the point of view of relativity it should therefore make no difference 
whether we adopt a geocentric or a heliocentric view. [Born 1962, 344; de Solla 
Price 1962, 198; Rosen 1984, 183–4] We can follow Ptolemy: regard the Earth as 
a stationary frame and the sun as a moving frame. Or we can follow Copernicus: 
regard the Earth as a moving frame and the sun as a stationary frame. According to 
the principle of relativity our choice makes no difference to the physics of the situ-
ation. And so it appears to be. The Earth turns on its own axis once in a 24-hour 
rhythm to give us day and night. If the sun turned around the stationary Earth 
once in a 24-hour rhythm it would give us day and night. The seasons result from 
either a tilted orb of the sun around the Earth or a tilted Earth around the sun. 
However, there is more to a description of the solar system than mere kinematics. 
From a strictly kinematic point of view, the models are equivalent. The kinematic 
point of view is concerned only with pure motion, without regard to its causes. 
[Dijksterhuis 1956, I, §83; IV, §18, IV, C] This is the Ptolemaic and Copernican 
perspective. But there is also the question of dynamics: What causes the planetary 
bodies to move? Imagine you sit on a train that has stopped at a station. Through 
the window you observe a train moving slowly along the rails. Your intuition tells 
you that you are stationary and the other train is moving. But physics informs us 
that your train can be regarded as moving and the other train as stationary. The 
kinematics will be the same. But now imagine that the locomotive has been removed 
from your train. The dynamic situation is no longer equivalent. The moving train 
clearly has a locomotive which causes its motion. Your train has lost its cause of 
motion. Kepler was preoccupied with the question of physical causes. He suspected 
that energetic rays from the sun drove the Earth around its elliptical orbit. When 
a planet shows its “friendly face” to the sun, its magnetic lines attract it. When a 
planet shows its “unfriendly face” to the sun, its magnetic lines repulse it. The 
game of attraction and repulsion constrains the planet to its orbital motion around 
the sun. [Kepler 1618–21, Pt. II, §93] As Newton showed, this dynamic explana-
tion was mistaken. Nevertheless, Kepler advanced dynamic arguments in favor of 

9781405181846_4_001.indd   429781405181846_4_001.indd   42 7/31/2008   9:52:34 AM7/31/2008   9:52:34 AM



 Nicolaus Copernicus: The Loss of Centrality 43

the orbital motion of the Earth. Once Newton showed why the planets stay in their 
elliptical orbits around the sun, the heliocentric model gave a better representation 
of physical reality than the geocentric model. Newton improved the algebraic 
structure of the model. He provided a dynamic explanation of planetary orbits in a 
heliocentric model. And even if we focus only on the spatial arrangement of the 
solar system, the heliocentric model captures the topologic structure of the solar 
system better than the geocentric model. We suspect that the model structures will 
correspond differentially to the structure of the physical system.

5 The Transition to Newton

The telescope was a curiosity on display at the annual fair before, in Galilei’s 
hand, it became an instrument of theory. [Blumenberg, The Genesis of the 
Copernican World (1987), 648]

Newton had many reasons to believe that he was 
standing on the shoulder of giants. But he went one 
step further and produced the Newtonian synthesis. 
Newton’s physics is not just a body of laws of 
mechanics, which govern the world of macro-objects 
both on Earth and in the heavens. It encapsulates a 
whole new view of the universe – a whole new image 
of how humans are to conceptualize the material 
world around them.

We can characterize the Scientific Revolution by 
two closely connected features: (A) the destruction 
of the ancient cosmos and the disappearance of all 

considerations based on its presuppositions; (B) the mathematization of nature and 
science. [Koyré 1957, 2, 29, 43, 61–2; 1965, 6–8] Let us look at these features in 
more detail.

(A) The destruction of the ancient cosmos. We have encountered some of the 
 features of the traditional cosmic world-order:

● its hierarchical two-sphere structure between the perfection of the supralunary 
sphere and the imperfection and decay of the sublunary sphere;

● its distinction between terrestrial and celestial physics;
● its finite and closed nature;
● its energy-deficiency.

We have seen how both astronomical observations and theoretical constructions 
began to chip away at the traditional cosmic world-order. Associated with the 
destruction of the traditional world-order is the disappearance of all considerations 
based on its presuppositions. Material causes replace final causes. It is not the aim 

Isaac Newton (1642–1727)
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of the stone to strive back to its natural place in the universe. The stone is subject 
to a downward accelerating force. Planets do not stray from their orbits because 
they obey physical laws. The stars in the firmament do not twinkle for the  enjoyment 
of humankind. [Burtt 1932, 17–24]

Galileo conveys to his pupil Andrea the liberating elation of breaking out of the 
“walls and spheres and immobility.” Once “the breaking of the circle” or “the 
bursting of the sphere” (Koyré 1965, 7 n. 1) had taken place, the new universe 
could take on infinite dimensions.

(B) The second feature of the scientific revolution – the mathematization of nature – 
had equally important consequences for the development of Western civilization. 
It inspired a model of the universe that runs in accordance with deterministic laws. 
This image of the universe as a clockwork reached as far as Darwinism. [See Burtt 
1932, 202, 206; Weinert 2004, Ch. I; Wendorff 1985, 144]

The language of mathematics applies to natural processes. It offers the great 
advantage of algorithmic compressibility. This means that a great number of data 
can be compressed in a precise mathematical equation. For instance, Kepler’s third 
law establishes a relation between the orbital period of a planet around the sun, P, 
and its average distance from the sun, A (expressed in units of the Earth–sun 
 distance AU). The law states that the square of the orbital period is directly 
 proportional to the cube of its average distance from the sun:

A P3 2∝ .

This law can be used to find, for any body orbiting the sun (even a spacecraft), 
either the average distance from the period or the period from the average distance. 
For example, if A = 4 AU, then P = 8 years. Thus, Kepler’s third law compresses 
into one neat formula a great multitude of data. All objects orbiting the sun, from 
planets to satellites, are subject to this law. The law expresses the structure of the 
orbits around the sun.

For Galileo and Newton, the book of nature was written in the language of 
mathematics. Newton’s great achievement was to have provided a synthesis 
between the mechanics of the heavens (Kepler) and of the Earth (Galileo). 
Newton destroyed the two-sphere universe. Whether or not the apple fell on his 
head, the lesson from this episode is correct. The same force that makes the apple 
fall on his head keeps the planets in their orbits. Newton was able to formulate 
three fundamental mechanical laws to which many terrestrial phenomena – from 
accelerating cars, to colliding balls, moving elevators, and orbiting planets – were 
subjected:

1. The law of inertia states that objects retain the same state of motion or rest 
unless some external force interferes.

2. The force law states that inertial motion can be subject to the application of 
a force, which changes its direction and momentum.

3. The law of interaction (action–reaction) states that to every action there is 
a reaction, equal in force and opposite in direction.
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The growing mathematization of nature, to which Kepler, Galileo, and Hooke 
contributed, culminates in Newton’s axiomatization of classical mechanics. He 
formulated a few fundamental laws and principles, from which other laws (like 
Kepler’s) could be deduced. Philosophically, Newton’s world consisted of four 
 elements:

● Matter: an infinite number of mutually separated hard and unchangeable parti-
cles, called corpuscles. They possess primary and secondary qualities but only 
the primary qualities matter to physics. [Burtt 1932, 235–6]

● Motion: the motion of the corpuscles can be described by the laws of mechanics.
● Absolute space: an imaginary cosmic vessel, within whose walls the corpuscles 

(and the bodies built out of them) perform their lawful motions; Newton takes 
absolute space to exist even when there is no matter to fill it.

● Absolute time: an imaginary river, whose constant flow sets a unique time 
metric by which all natural processes can be measured; all observers throughout 
the whole universe assign the same time to events, however far apart they are. 
[Weinert 2004, Ch. 4]

There is a distinctly philosophical side to Newton’s reasoning.

5.1 On hypotheses

Like most great scientists, Newton demonstrated philosophical awareness. 
He reflected on the philosophical dimensions of physics. Newton is famous for his 
statement: “Hypotheses non fingo.” This Latin phrase can be rendered  alternatively 
as “I do not feign hypotheses”; “I do not make use of fictions”; “I do not use false 
propositions or premises or explanations.”6 Historians of science have identified 
several senses in which Newton uses the word “hypothesis.” Sometimes he meant 
a plausible though not provable conception. In his later years he came to regard a 
hypothesis as a gratuitous fiction. [Koyré 1965, 36–7]

That which cannot be derived from phenomena is called a hypothesis and these do not 
belong to experimental philosophy. [Quoted in Dijksterhuis 1956, 537]

Newton was not the first to worry about the term “hypothesis.” Copernicus and 
Rheticus had corresponded about the usefulness of hypotheses in astronomy with 
a figure who will soon come to greater prominence in the discussion: Andreas 
Osiander. Copernicus and his pupil considered that certain astronomical hypothe-
ses were more probable than others. More probability accrued to the heliocentric 
hypothesis than to the geocentric hypothesis. Acceptable hypotheses in astronomy 
had to explain all the observable phenomena. They had to explain the phenomena 
in a coherent way. The Ptolemaic hypothesis, says Rheticus, does not suffice to 
establish the harmony of celestial phenomena. [Rheticus 1540, 132; see also 

6 Koyré [1965], 35; Dijksterhuis [1956], 541; Crombie distinguishes three senses of “hypotheses”: 
improvised propositions, heuristic aids, illegitimate fictions; Crombie [1994], Vol. II, 1071.
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Correspondence reprinted in Rosen 1959, 31–2; 1984, 125–6, 193–4, 198–205] 
Kepler later agreed that the Copernican hypothesis enjoyed more probability than 
the Ptolemaic hypothesis. The notion of hypothesis had great repercussions 
throughout the next 140 years. The ambiguity of the term, as reflected in Newton’s 
views on hypotheses in science, invited opposing interpretations of the Copernican 
model. In his Dialogue Concerning the Two Chief World Systems (1632), Galileo 
epitomizes the ambivalent status of hypotheses in the sixteenth and seventeenth 
centuries. The Preface states that his spokesman, Salviati, will defend the Copernican 
system but only as a purely mathematical hypothesis. But as the dialogue unfolds, 
Salviati is drawn toward probability arguments. Eventually he adopts the Copernican 
position that the acceptance of the dual motion of the Earth as a physical assump-
tion leads to a more coherent explanation of the appearances. Note that these 
probability arguments invoke belief in a model, because its physical assumptions 
are more probable. It is not believable, says Kepler, that the “fixed stars move at 
incalculable speed.”7 [Kepler 1618–21, Pt. II, §5] The Copernican hypotheses are 
more like conjectures than useful fictions. They have a much closer association with 
the phenomena than Newton would later accept. They form, as Rheticus tells us, 
the basis of inferences.

By contrast, labeling hypotheses as “useful fictions” in astronomy reassured 
Copernicus’s adversaries that his heliocentric model did not force them to abandon 
their cherished geocentric beliefs. Cardinal Bellarmine reminded Galileo that 
Copernicus had always spoken hypothetically: it is possible to use the motion of the 
Earth as a mathematical device to render the calculations more economic, since 
fewer epicycles and eccentrics are needed. However, to affirm the centrality of the 
sun as a physical hypothesis is in conflict with the Scriptures.8

In order to soften the clash between the Church and heliocentrism, Osiander 
inserts his Preface in an attempt to present the Copernican hypotheses as mere 
calculating devices. They have the license to be false or replaceable as long as “they 
reproduce exactly the phenomena of the motions.” [Osiander, Letter to Copernicus 
April 20, 1541, quoted in Rosen 1984, 193–4] By the time Newton appeared on 
the scene, hypotheses did not command a respectable tradition. Rejecting them, 
Newton claims to be an inductivist. The laws of motion are deduced from 

7 Kepler’s probability argument states that we should attach more plausibility to the heliocentric view 
because the evidence – the apparent motion of the “fixed” stars in a 24-hour rhythm about the Earth – is 
more probable on the view that the Earth rotates on its own axis. These probability arguments can be 
supported by a consideration of the angular velocities involved under the two scenarios. Under some 
simplifying assumptions, the angular velocity of the rotating Earth for an observer at the equator is  
464 m/s = 1670 km/h The geocentric view, by contrast, has to assume an angular velocity of the 
“fixed” stars about the stationary Earth. A calculation produces a value of 5.45 × 106 m/s = 1.96 × 107 

km/h It is such an enormous rotational  velocity of the stars – 19.6 million kilometers per hour, com-
pared to 1670 km per hour for the Earth at the equator – which the Copernicans consider implausible 
on mechanical grounds. By  comparison, the orbital velocity of the Earth around the sun is 30 km/h and 
the velocity of the sun around the galactic center is 225 km/h. The evidence – the observable rotation of 
the sphere of fixed stars – is more likely on account of heliocentrism than on account of geocentrism.
8 See Koestler [1959], 454; similar statements, reflecting Osiander’s instrumentalist attitude, are found 
in Kuhn [1957], 191, 194; Crombie [1994], Vol. I, 599–600.
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Phenomena and made general by Induction, he declares, and this is the highest 
evidence that a proposition can have in Philosophy. [Koyré 1965, 36–7; Dijksterhuis 
1956, 544, 546–7] Phenomena are (reliable) observational or experimental data, 
from which are derived laws or axioms. Newton rejects any explanation of natural 
phenomena that appeals to metaphysical hypotheses, for which no evidence can 
be cited.

This does not mean, however, that the unobservable must automatically be sus-
pect. The interior of the sun, for instance, is unobservable yet it is perfectly possible 
to make quite definite inferences about the chemical composition of the interior by 
use of spectral analysis. We have to distinguish direct from indirect observation. 
Directly observable phenomena are accessible through our eyesight or through the 
use of instruments. The directly observable is not necessarily the most reliable. 
Retrograde motion, as Copernicus reminds us, is a mere deception of sight. 
Indirectly observable phenomena are inferences from observations, and the use of 
reliable techniques, to unobservable parts of nature. We cannot directly observe 
the cause of planetary orbits but we can infer it from our observations and the 
heliocentric hypothesis. We begin to see that the story of heliocentrism is laced 
with philosophical lessons.

6 Some Philosophical Lessons

Copernicus reflects the cosmological differentiation between the parochial 
 perspective of his terrestrial “corner” and the central point of construction from 
which the universe cannot, indeed, be viewed but can be thought. [Blumenberg, 
The Genesis of the Copernican World (1987), 38]

Copernicanism creates a problem situation from which a number of philosophical 
consequences follow. As we shall see in later chapters, philosophical consequences 
also follow from Darwinism and Freudianism. A problem situation in science occurs 
when a number of competing explanatory accounts propose solutions to a perceived 
scientific problem. The solutions are proposed on the background of a number 
of accepted presuppositions, techniques, and models. The presuppositions and tech-
niques define acceptable problems and a set of possible solutions to the problem. 
Consider two famous problems in the history of science: the motion of planets and 
the existence of different species. In 1543 Copernicus proposed a solution to the 
first problem. In 1859 Darwin offered a solution to the second problem. Both solu-
tions entered a conceptual space in which certain presuppositions, techniques, and 
models had already taken root. Copernicus and Darwin proposed rival models. They 
involved a set of solutions, which differed from previous solutions. They also gave rise 
to a set of presuppositions and techniques, which diverged from previously accepted 
presuppositions. The divergence was striking in the case of Darwin, but only partial 
in the case of Copernicus. At least Copernicus worked with a non-Aristotelian theory 
of motion. The set of presuppositions,  techniques, and models renders certain solu-
tions acceptable, others unacceptable. Certain solutions are possible solutions because 

9781405181846_4_001.indd   479781405181846_4_001.indd   47 7/31/2008   9:52:35 AM7/31/2008   9:52:35 AM



48 Nicolaus Copernicus: The Loss of Centrality

they are compatible with the set of accepted presuppositions and techniques. The set 
also renders other solutions impossible. For instance, a mature form of Copernicanism 
renders all Greek presuppositions – the circle, the two-sphere universe – and  techniques – 
eccentric circles and epicycles – obsolete. Hence geocentrism can no longer be 
regarded as an acceptable solution. It is important to distinguish possible from actual 
solutions. A certain solution, S, may be possible with respect to a cluster of presup-
positions. We cannot accept it as the actual solution because other solutions will also 
be possible with respect to this cluster. For a possible solution to transform itself into 
an actual solution, it needs to prove its mettle. The actual solution needs to solve 
some old and some new problems.

Scientific problem situations have an impact on philosophical issues, to which we 
now turn. Note that there is a difference between the deductive, inductive, and 
philosophical consequences of a theory. The deductive consequences follow math-
ematically or logically from the principles of the theory. Deductive consequences 
can occur in the form of novel predictions or the accommodation of already known 
facts. In both cases they are often compatible with one theory but, ideally, not its 
rivals. If this situation obtains, we will later speak of supportive evidence. Inductive 
consequences follow from the theory with degrees of probability. For instance, if a 
theory is statistical in nature its consequences follow with higher or lower degrees 
of probability. Consider the difference between “All ravens are black” and “Most 
ravens are black.” If “All ravens are black” and the observation is made that “this 
is a raven,” it follows deductively that “this raven is black.” But if the statement 
merely is that “Most ravens are black,” then it follows only inductively that “this 
raven is black.” Philosophical consequences are conceptual issues, as they are dear 
to the philosopher. Although they are often taken to follow from scientific  theories, 
they are rarely subject to direct empirical testing. Hence they do not command the 
expert consensus which deductive consequences typically induce. Given one theory, T, 
incompatible philosophical consequences are often drawn from it. Copernicanism, 
Darwinism, and Freudianism, for instance, raise questions regarding an instrumen-
talist or realist interpretation of some of their fundamental assumptions. The fact 
that two incompatible philosophical views (instrumentalism or realism) are com-
patible with one theory does not exclude the possibility that one view is more in 
agreement with the principles of the theory than the other. In connection with 
Copernicanism we first note its impact on general worldviews. Then there arise 
lessons for epistemological attitudes: realism and instrumentalism and the question 
of underdetermination. Copernicanism also raises philosophical issues concerning 
models, theories, and laws. The Copernican turn also calls for an  analysis of criteria 
of scientific revolutions. And finally we tackle the Anthropic Principle and ask 
whether it constitutes a reversal of the Copernican turn.

6.1 The loss of centrality

Copernicus, through his work and the greatness of his personality, taught man to 
be modest. [Einstein, “Message on the 410th Anniversary of the Death of 
 Copernicus” (1953), 359]
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In De Revolutionibus Copernicus sets out to convince his readers that the heliocen-
tric hypothesis is not as absurd as it may sound. He managed to convince a number 
of his contemporaries, like Rheticus and Maestlin in Germany. He found some fol-
lowers in England, like Thomas Digges and William Gilbert, and Italy, like Giordano 
Bruno. [Dryer 1953, Ch. XIII] Yet at the beginning of the seventeenth century 
Kepler still reports that many people were shocked by heliocentric ideas. [Kepler 
1619, 175] His contemporary Francis Bacon (1561–1626) steadfastly refused to 
accept Copernicanism.

In many quarters the Copernican treatise was greeted with opposition and 
 hostility. Copernicus’s contemporaries did not find discomfort in the mathematical 
details of his work. Their objections were more philosophical. The Copernican 
view, if taken literally, displaced the Earth from the hub of the universe. The inhab-
itants of the Earth suffered a loss of centrality. According to Copernicus, they felt, 
it was no longer true that the universe had been created for the sake of humankind. 
Copernicus’s heliocentric hypothesis presented more than a mathematical treatise 
in the esoteric science of astronomy. It was an attack on what people believed about 
the structure of the world. Especially amongst the Protestant clergy and theolo-
gians the heliocentric idea gained little favor. Martin Luther, citing Scripture, dis-
misses Copernicus as a fool. His chief lieutenant, Philip Melanchthon, calls him 
simply insolent. The Roman Catholic Church had embraced the geocentric view 
through the work of Thomas of Aquinas. The resistance of the Catholic Church 
against the physical motion of the Earth around the sun was partly due to ecclesi-
astical pressures. The Catholic Church saw its authority under threat from the rise 
of Protestantism. Copernicanism posed an additional challenge to Catholic 
dogma.

In their endeavor to cushion the shock of heliocentric ideas, Kepler and Rheticus 
were eager to employ teleological arguments. While physical centrality had been 
lost, humankind had not sunk to cosmic insignificance. The heavenly phenomena 
had been invested with a purpose. The purpose of movement, Kepler proclaims, is 
to prove that “movement belongs to the Earth as the home of the speculative crea-
ture.” [Kepler 1618–21, Bk. IV, Part I, §5 (75, 77)] Rheticus even asserts that 
“the sphere was studded by God for our sake with a large number of twinkling 
stars.” [Rheticus 1540, 143]

The early Copernicans did not accept that a mere physical removal of humans 
from the hub of the solar system to its third sphere represented a hurtful demotion. 
The celestial phenomena have a purpose, which remains unaffected by the physical 
position of the Earth among the planets. Their purpose resides in their service to 
humankind. Aristotle held that “Nature is a cause that operates for a purpose.” 
[Aristotle 1952a, Bk. II, 8] And “as nature makes nothing purposeless or in vain, 
all animals must have been made by nature for the sake of men.” [Aristotle 1948, 
Bk. 1, §11, 1256b] Copernicus conceives of his job as understanding the “machin-
ery of the world, which has been built for us by the Best and Most Orderly 
Workman.” [Copernicus 1543, Preface, 6] The dogma of teleology – that 
“Nature does nothing without a purpose” – reverberates through the history of 
human ideas about Nature. Rheticus even turns teleology against the Scholastics. 
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The Wise Maker would have created a heliocentric model, for He would have “shirked 
from inserting in the mechanism any superfluous wheel.” [Rheticus 1540, 137]

It took until Newton to remove teleological thinking from the physical sciences. 
It took even longer in the biological sciences, as we shall see in Chapter II. It is 
easier to convince people that stars are not made to shine for their amusement than 
it is to convince them that eyes are not designed for them to see.

Nietzsche found that “since Copernicus man has been rolling from the center 
toward x.” He saw himself as a second Copernicus who branded the self-
deprecation of “European Man” as the greatest danger. [Kaufmann 1974, 122, 
288; Nietzsche 1887, Bk. I, §12] Freud, too, interpreted the Copernican turn and 
the Darwinian revolution as serious blows to the self-image of humankind. The 
Oxford physicist David Deutsch observes that

the prevailing view today is that life, far from being central, either geometrically, 
 theoretically or practically, is of almost inconceivable insignificance.

Deutsch disagrees with this assessment. Yet it is a physical fact that

the solar system is a negligible component of our Galaxy, the Milky Way, which is itself 
unremarkable among the many in the known universe. So it seems that, as Stephen 
Hawking put it, “The human race is just a chemical scum on a moderate-sized planet, 
orbiting round a very average star in the outer suburb of one among a hundred billion 
galaxies.” [Deutsch 1997, 177–8; cf. Weinberg 1977, 148; Blumenberg 1981, 
Pt. I, VI; 1965]

There is, however, a difference between physical and rational centrality.9 From a 
terrestrial perspective humans observe the universe from a particular physical angle, 
which is defined by the location of the Earth in the Milky Way. This angular per-
spective has led to misconceptions. The Greeks constructed from the appearances 
a geocentric worldview. Copernicus does not abandon the tight connection 
between observational appearances and geometric constructions. But he holds that 
a heliocentric model accounts better for the appearances, on account of its greater 
plausibility. Copernicus’s change of perspective has two implications. One is that 
physically humans no longer occupy the geometric center of the universe. Another 
is that the heliocentric hypothesis affords humans a much better grip on the obser-
vational appearances. The change of perspective offers humans a more coherent 
model of the solar system. The Copernican turn replaces physical with rational 
centrality. Through rational thinking humans can construct an accurate model of 
the universe. Their perspective on the universe is predicated on a particular physical 
position in the universe. Their centrality is due to a rational comprehension of the 
universe, which far exceeds what their eyes will allow them to see. “Eyesight,” 
muses Kepler, “must learn from reason.” [Kepler 1618–21, Bk. I, Part I, §1]

9 The distinction between physical and rational centrality runs through the work of Hans Blumenberg 
on Copernicanism – see Blumenberg [1955]; [1957]; [1965]; [1981], Part I, III; Part II, III, IV; 
Part VI, I.
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Observations confirm that humans do not dwell in a privileged geometric 
 location in the vast cosmos. There is no evidence that the other bodies in the solar 
system were especially designed for the purpose of human life. In this sense the 
Copernican hypothesis has led to a loss of centrality. The Copernicans, however, 
demonstrated that physical centrality is not of utmost importance. The human 
mind soars far above the physical limitation of its bodily habitat. What humans lost 
in geometric centrality they gained in rational centrality. Knowledge replaces 
 location, reason enhances eyesight.

A certain symmetry exists between Copernicus and Darwin. Copernicus removed 
humans from the physical center of the universe. Darwin removed humans from 
the pinnacle of creation. These philosophical implications of the Copernican turn 
and the Darwinian revolution have recently been contested. Some modern 
 cosmologists reject what they call the “Copernican dogma.” According to them 
this dogma states that there is nothing special about humans and their habitat. The 
Earth is one of many planets orbiting a solar body of average size. The solar system 
itself can claim no central position in the Milky Way. And the Milky Way is just one 
of billions of galaxies. Darwinian evolution seems to support the Copernican 
“dogma.” Evolution, as Darwin taught, has produced an offshoot of the evolu-
tionary tree, which humans call their home. But evolution is contingent. It might 
never have brought forth intelligent life.

Some cosmologists argue that the “Anthropic Principle” needs to replace the 
Copernican dogma. [See Section 8] In evolutionary biology, “intelligent design” 
is set against Darwin’s natural selection. Intelligent design scenarios seek to rein-
state teleological thinking in evolutionary biology. [Chapter II, Section 5.4] The 
Anthropic Principle rejects the implication that human existence is not in any way 
special. The Anthropic Principle affirms that humans live in a very special epoch of 
cosmic history. It is special since it has permitted the “evolution of carbon life.” 
[Barrow/Tipler 1986, 601] Before we consider this principle, a number of other 
philosophical concerns require attention.

6.2 Was Copernicus a realist?

Earlier we found that Copernicus was not the author of a scientific revolution. With 
his shift in perspective against the backdrop of some invariant features, Copernicus 
planted the seeds of a scientific revolution. The Copernican turn – a shift in 
 perspective with some explanatory gain – was a significant opening move, which 
enabled the rise of modern science. Copernicus stood at the gate of  modernity.

When we think about modern science, three features stand out:

● systematic observation;
● controlled experiment;
● mathematization.

Copernicus reports a number of his own observations, made at Frauenburg, in 
Prussia. [Copernicus 1543, Bk. III, §2; Rheticus 1540] Otherwise, he relied on 
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numerous Greek observations. Kepler formulated his planetary laws on the basis of 
Tycho Brahe’s discoveries. And Galileo made significant additions to the corpus of 
astronomical data. They all used observations in a systematic fashion. That is, they 
used them to establish the Copernican hypothesis. Systematic observation means 
that observational data are employed to test the adequacy of a particular model. All 
these scientists found that, compared to the Ptolemaic model, the heliocentric 
model was more probable. In the case of astronomy controlled experiment does 
not apply. Controlled experiment is the deliberate manipulation of selected param-
eters in scientific laboratories. That is, it involves a deliberate exclusion and inclu-
sion of parameters in the experiment. In their famous scattering experiments 
(1909–11), for instance, Rutherford and his collaborators used ionized helium 
atoms, fired at gold atoms, to discover that the atom possessed a nucleus. In these 
experiments Rutherford deliberately neglected electrons because they would not 
interfere with the trajectory of the heavy helium atoms inside the gold atoms. The 
experimenters concentrated exclusively on the interactions between the nuclei. We 
have already seen that mathematization offers algebraic compressibility. [Section 5] 
Ancient astronomy made extensive use of geometry. Angles and circles were the 
main tools in the hands of the astronomer, even Copernicus. Geometry limits the 
usefulness of mathematics in the description of nature. The use of geometry made 
it impossible for Copernicus to provide an accurate quantitative theory of planetary 
motion, let alone a dynamic analysis. His explanatory gain was limited to the topo-
logic structure of his model.

But does this explanatory gain mean that a better astronomical explanation 
is at hand? This question lies in the logic of the Copernican problem situation. 
By changing the perspective between stationary and moving Earth, Copernicus 
claims to achieve a better explanation of the observable phenomena. A philosophi-
cal issue immediately arises, of which his contemporaries were aware: Granted that 
Copernicus achieved some explanatory gain, does this explanatory gain tell us 
merely something about the structure of our theories or more informatively about 
the structure of the physical world itself? Was Copernicus a realist? Osiander raised 
this question in his anonymous Foreword to De Revolutionibus. This question also 
lurks behind the ambivalent use of the term “hypotheses.” We are thus dealing 
with the philosophical issue of realism and instrumentalism.

6.2.1 Lessons for instrumentalism and realism The most famous testimony to 
the presence of this philosophical issue in the minds of Copernicus and his contem-
poraries is buried in Osiander’s Preface. It presents the Revolutions to the  European 
world of 1543. Osiander saw it fit to add some introductory notes for the benefit 
of The Reader Concerning The Hypotheses of This Work. [Copernicus 1543, 3–4; 
Koestler 1964, 169–78; Rosen 1984, 195–6] Note, first, that Osiander follows 
Copernicus in speaking of hypotheses. As we have seen, this innocuous-seeming 
term developed its own divided pedigree in the span from 1543 to 1687. Osiander, 
however, employs the term in only one of its senses. Reminding the reader of the 
newness of the heliocentric hypothesis, he spells out the astronomer’s dilemma. On 
the one hand, the astronomer cannot know the “true causes” of the celestial 
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 movements. On the other hand, the astronomer can establish fairly accurate 
descriptions of “the history of the celestial movements.” How is this dilemma to 
be resolved? Osiander’s recipe is the locus classicus of instrumentalist philosophy. 
The astronomer can establish how the planets move but not why. Yet the human 
mind is exercised by theoretical curiosity. Even though no true explanation can be 
given, any explanation is better than no explanation. It is then the job of the 
astronomer

to think up or construct whatever causes or hypotheses he pleases such that, by the 
assumption of these causes, those same movements can be calculated from the 
 principles of geometry for the past and for the future too.

It is therefore not necessary for the hypotheses to be true or even probable. 
Distancing himself directly from the probability arguments advanced in the main 
text, Osiander holds that:

it is enough that they [the hypotheses] provide a calculus, which fits the 
 observations.

Why should the reader then even read the Copernican tract? Osiander makes an 
appeal to simplicity. Some hypotheses render the calculations simpler, make the 
observations easier to understand. They may even give rise to more reliable 
 predictions.

Therefore let us permit these new hypotheses to make a public appearance among old 
ones which are themselves no more probable, especially since they are wonderful and 
easy and bring with them a vast storehouse of learned observations. As far as  hypotheses 
go, let no one expect anything in the way of certainty from astronomy, since  astronomy 
can offer us nothing certain, lest, if anyone take as true that which has been  constructed 
for another use, he go away from this discipline a bigger fool than when he came to 
it. Farewell.

Osiander anticipated Newton’s later skepticism regarding hypotheses in astron-
omy. He permitted heliocentrism as a mathematical hypothesis, but not as a claim 
about physical reality. As a reality claim it would be a thorn in the theologian’s eye. 
By deflecting the Copernican hypothesis along instrumentalist lines, Osiander 
sought to remove its sting. It was another mathematical device, with no better 
claim to reality. It had as little probability as the established Greek hypotheses. The 
true causes of planetary motion cannot be known, because the human mind is too 
weak to apprehend the celestial sphere. In the absence of physical understanding, 
revelation takes its place.

What about Copernicus? Was he a realist? Just as there is no doubt that Aristotle 
believed in the physical centrality of the Earth, there is no doubt that Copernicus 
believed in the annual and daily motion of the Earth. Aristotle also believed in the 
reality of solid spheres, whose function was to carry the planets. But Copernicus was 
“unsure whether they were real or imaginary.” [Rosen 1959, 11–21] Copernicus 
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was uncertain about the physical significance of his geometric constructions. 
He observes that Ptolemy employed various geometric devices. Unsurprisingly, he 
finds himself unable to say which one of them corresponds to reality. His solution 
is to endorse the equivalence of hypotheses:

It is not easy to determine which of them exists in the heavens (…) except that the 
perpetual harmony of numbers and appearances compels us to believe that it is some 
one of them.10

Copernicus was not a realist about his geometric devices. He had some difficulty 
believing that the theoretical structures employed in heliocentrism – the eccentric 
and epicyclic motions, which serve to account for the observable phenomena – 
have a counterpart in physical reality. Copernicus was not a realist about the 
 algebraic structure of his model. Copernicus was a realist about celestial objects, 
their motions, and the system that holds them together. He believed that the place 
he had assigned to the Earth in the heliocentric model corresponded to a part of 
the structure of the solar system. Copernicus was a realist about the topologic 
structure of the heliocentric model. Copernicus’s realist arguments are presented 
in his Preface and Dedication to Pope Paul III and Part I of his book.

First, Copernicus attributes a causal role to the movement of the Earth. It is the 
physical position of the Earth among the other planets that explains the appearance 
of retrograde motion, the seasons, and the natural length of the day. The  observable 
appearances are causally explained by the physical motion of the Earth:

We explained the appearances due to the movement of the Earth around the sun, and 
we proposed by that same means to determine the movements of all the planets. 
[Copernicus 1543, Bk. IV, Introduction]

As Copernicus believes in the planetary status of the Earth, he believes that the 
Earth’s location is causally responsible for some of the observable phenomena. So 
Copernicus is not just a realist about the position of the Earth; he must be a realist 
about the physical consequences of this position.

The second move is Copernicus’s argument from coherence. We have already 
noted that Copernicus was very well aware of the fact that natural phenomena are 
correlated in a number of ways. For Copernicus this meant that the movements of 
the Earth and the planets are correlated such that a change in one part leads to 
consequences in another part of the system. According to Copernicus we cannot 
arbitrarily change the order of the planets, without upsetting the whole cosmic 
picture. And if we correlate the orbits of the planets, their natural order is revealed 
to us. The correct choice of the initial position of the Earth – it is an orbiting planet 

10 Copernicus [1543], Bk. III, §§15, 20; Bk. V, §4. According to E. A. Burtt [1932, 49–51] 
 Copernicus is not preoccupied with the question of the reality of the motion of the Earth but with the 
 mathematical simplicity of the system, achieved through shifting the central reference point away from 
the Earth. This interpretation is true of the later chapters of De Revolutionibus but not of Book I; see 
Cushing [1998], 55.
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rather than the stationary center of the universe – leads according to Copernicus to 
a more adequate model of the universe. Thus Copernicus argues from realism 
about the celestial objects, including the Earth, to realism about the scientific 
model he adopts. This realism is, however, restricted to the spatial distribution of 
the planets. The heliocentric model is a better model of the universe than the 
 geocentric one, because it is more coherent. And its coherence provides a certain 
plausibility that it more correctly captures the structure of the universe than its 
rival, the geocentric model:

Now we are turning to the movements of the five wandering stars: the mobility of the 
Earth binds together the order and magnitude of their orbital circles in a wonderful 
harmony and sure commensurability … [Copernicus 1543, Bk. V, Introduction]

On the hypothesis that the Earth moves, many observable consequences follow. 
Once the assumption leads to a coherent model, the coherence boosts the  credibility 
of the original hypothesis. The heliocentric model, on account of its coherence, is 
a better representation of the interrelatedness of nature than the geocentric model. 
As Kepler and Newton later realized, the representation of the heliocentric model 
could be enhanced by abandoning many of the Copernican presuppositions.

6.3 Modern realism

If, therefore, there is a lesson which scientists should teach realists it is that 
all-or-nothing realism is not worth fighting for. [Psillos, Scientific Realism 
(1999), 113]

Some of Copernicus’s friends and followers felt outrage at Osiander’s instrumen-
talist tinkering with the Copernican model. The equivocation of the term “hypoth-
esis” pointed them in the direction of realism. With hindsight we can have a more 
relaxed attitude. Copernicus does not improve on the algebraic structure of the 
ancient models. Copernicus could advance no striking observational evidence in 
favor of the motion of the Earth. Osiander’s instrumentalist Preface sounded 
a note of caution. For the technical part of the Copernican treatise, with its 
 acceptance of the equivalence of hypotheses, does not live up to the promise of the 
first part.11

The Copernican model was able to provide a coherent account of the observa-
tional data known during Copernicus’s lifetime. It was also compatible with later 
observations. But the original Copernican model lacked a credible mechanism that 
could explain the observations. The Copernican model enjoyed empirical validity, 
owing to its topologic structure. But a more sophisticated model or theory must 
also satisfy the demand for an accurate algebraic structure. The mechanism that 

11 For a defence of Osiander see Dijksterhuis [1956], Part IV, §§14–15; see Rosen [1959] for the 
 correspondence on hypotheses; Mittelstraß [1962], IV, 6, 199–204; Neugebauer [1968], §6, 100; 
 Blumenberg [1957], VIII, 73; [1965]; [1975], Part III, II; Rosen [1984], 125.
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explains the “appearances” must correspond to the structure of the real world. 
A theory that has an accurate algebraic structure enjoys theoretical validity. The 
philosophical dispute between Osiander and Copernicus, between instrumentalism 
and realism, has its modern equivalent. The modern-day instrumentalist is as hesi-
tant about mechanisms and structures underlying the observable features as 
Osiander. The modern-day realist is as confident about the underlying mechanisms 
and structures as Copernicus was about the reality of the motion of the Earth.

Modern instrumentalists advance two reasons for their caution about unobserv-
able structures. On the one hand, there is the underdetermination of theories by 
evidence. [Section 6.4] This is the view that the empirical evidence can never 
clearly decide between any two scientific theories which are empirically equivalent 
but structurally different. This problem already found its expression in Ptolemy’s 
equivalence of hypotheses. On the other hand, there is the “pessimistic meta-
induction.” This is the view that many scientific theories, which were once regarded 
as “true,” have since landed on the scrapheap of mistaken ideas. Geocentrism is a 
case in point. What reason do we have for trusting our current theories? Modern 
instrumentalism therefore concerns itself with “saving the appearances.” Scientific 
theories can at best be empirically adequate: they fit their domain as far as the 
observable phenomena are concerned but we have to remain agnostic with regard 
to the underlying theoretical structures. Two scientific theories may stipulate 
incompatible, unobservable mechanisms, although they both account for the 
available evidence. Furthermore, it is always possible to explain the same evidence 
on the basis of different theoretical structures. The realist wants more. It is not 
enough for our models to be adequate as far as the observations reach. The under-
lying theoretical structure, which can explain the observations, must also repre-
sent the structure of reality. Copernicus was still hampered by accepting the 
equivalence of the geometric hypotheses, even though they render the observa-
tional data coherent. Kepler, however, was interested in physical causes. The 
planets move in certain regular ways, expressed in Kepler’s three laws. The further 
question is why they move in this way. It was not until Newton combined the first 
law of mechanics with the law of gravitation that a viable physical explanation 
became available. [See Figure 2.12] For the realist such episodes show that our 
mature scientific theories constitute good approximations to a genuine explana-
tion of physical processes.

The realist claims that realism is the “only philosophy that does not make the 
success of science a miracle.” [Putnam 1975, 73] Yet the story of astronomy shows 
that the anti-realist seems to have a point. The geocentric and heliocentric models 
were at first observationally equivalent, both endorsing the “equipollence of 
hypotheses.” Yet, they were structurally different. And much of the theoretical 
structure ended up in the wastebasket of wrong-headed ideas. Ptolemy made no 
exaggerated claims about the “realism” of his geometric devices, and Copernicus 
was only a realist with respect to the spatial arrangement of the planets. Kepler 
advanced probability arguments in favor of the Copernican model, while jettison-
ing some of its central presuppositions. Newton abandoned Kepler’s “physical” 
causes, while completing the Copernican revolution.
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How can realists accounts for this double aspect of continuity and discontinuity? 
Recently the thesis of structural realism has been advanced to stem anti-realist 
arguments.12 [Worrall 1989; Ladyman 1998; Psillos 1999] To account for continu-
ity amid conceptual change, structural realism focuses on the structural aspects of 
systems. We can approach the idea by reflecting on the fact that science is con-
cerned, quite generally, with natural systems (say, solar or biological systems). To 
obtain a system it is not enough to juxtapose elements (relata). A collection of 
planets does not constitute a system. To turn it into a system, the components 
must be interrelated. Thanks to the achievements of the Copernicans we know that 
the planets are related in a systematic fashion. The planets are bound into a system 
by the relations (laws) of the system. What constitutes a system in the natural world 
is the interaction of the components of the system. Planetary systems have planets 
as components, and Kepler’s laws as their “glue,” which holds them together. 
Biological systems have species or individuals as their components. What hold them 
together are the laws of evolutionary biology. Human societies have individuals 
and social groups as their components. What hold them together are the values, 
norms, and legal rules of particular societies. Apart from the relata of the systems, 
there must be appropriate relations between the components. It is hard to imagine 
that a human society could be held together by Kepler’s laws.

In natural systems several components combine in a regular fashion. Natural 
systems therefore display a structure, consisting of the relata of the system and the 
relations between them. Science attempts to construct theories with models repre-
senting such systems. The models must have a model structure, which represents, 
in symbolic form, the structure of the natural system. If the scientific enterprise is 
preoccupied with the description and explanation of natural and social systems, 
structural realism is the thesis that the model structure represents, in approxima-
tion, well-confirmed structural aspects of the target system. It is concerned with 
the theoretical validity of model structures. So a structural realist will want to claim 
that the models of science aim at representing the (topologic and algebraic) struc-
tures of natural or social systems. The model structure, for present purposes, 

12 Structural realism comes in two flavors. Epistemological structural realism (ESR) claims that “all we 
know is structure.” ESR stresses the continuity of the mathematical equations as scientific theories 
undergo drastic changes in their ontology and vocabulary. ESR tends to remain agnostic regarding the 
question whether there is more to the world than what the mathematical structure reveals about it, since 
it is conceivable that some elements of reality remain hidden from our view. Ontological structural real-
ism (OSR) stresses that “all there is, is structure” and there exist no further constituents of reality 
beyond this structure; and the job of scientific theories is to capture this structure in symbolic form. 
OSR is divided over the question whether relations enjoy ontological primacy over objects (relata), in 
which case objects are just “nodes” in the relational structure, or whether relata and relations are taken 
to constitute the structure in a union. [See Rickles et al. 2006] The author’s own inclination is to adopt 
a strong version of OSR, according to which all that exists are structured natural systems. OSR, on this 
strong view, is committed to both the reality of the relata and the relations, which are best captured 
in structural models. The relations are typically expressed in the laws of science, of which we will in a 
later section encounter a structural interpretation. Through the employment of equations, models, and 
theories, science expresses structural aspects of the material world. The existence of natural systems, like 
planetary and organic systems, shows that there is much structure for science to describe and explain.
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 consists of the components and their interrelatedness, the relata and the relations. 
To support this view the structural realist will want to show how to accommodate 
both the continuities and discontinuities in scientific theories at the level of struc-
tures. These features can be considered differentially with respect to both the top-
ologic and the algebraic structures. In the transition from Ptolemy to Copernicus 
the topologic structure of the models changes but the algebraic structure remains 
the same, with the exception of the equant and major epicycles. In the transition 
from Copernicus to Kepler the topologic structure remains unchanged, but the 
algebraic structure undergoes dramatic changes. From Kepler to Newton, the alge-
braic structure experiences refinements, but no longer major changes. Since 
Newton the structural model of the solar system has no longer experienced drastic 
changes. It is a fact that scientific representations (in terms of models) always face 
limits in approximation and idealization. For instance, the circle is an idealization 
of an ellipsis. The structural realist will emphasize that there is enough incontest-
able evidence in the history of science for the postulation of continuities in the 
underlying structures. The continuities extend to both the algebraic and the topo-
logic structures. Ultimately, it is only mature models that can be fully representa-
tive of the structure of the system modeled. Furthermore, these elements change 
differentially and usually for good scientific reasons. We may therefore suspect, as 
we will discuss in Section 7, that even in revolutionary periods in science, a certain 
chain-of-reasoning process links the transitions from old to new theories.

6.4 The underdetermination of theories by evidence

The inability to remove the equivalence of hypotheses was one of the reasons why 
Copernicus failed to become a scientific revolutionary. Realists must hold that the 
theoretical structure scientists assign to a set of observational or experimental data 
refers to some physical process, which can reasonably be taken to explain the 
 observational data. Ideally this amounts to a causal explanation. [See Chapter II, 
Section 6.6] How can we make sure that our theoretical accounts are approxi-
mately true of the material world? This is in part the question of how scientific 
accounts manage to represent sections of the natural world. This is done, as we 
shall see, through the use of a variety of models. [See Sections 6.4 and 6.5] Before 
we turn to these concerns a stumbling block must be removed. There is a famous 
argument – the Duhem–Quine thesis – which attempts to show that the evidence 
is never strong enough to weed out all competing theoretical accounts. If the argu-
ment succeeds, there will always be perhaps infinitely many theoretical accounts, 
ontologically incompatible, which will be compatible with the evidence. The evi-
dence will be unable to select one account as superior to another. All theoretical 
accounts will be underdetermined by the available evidence. The instrumentalists 
will have a powerful argument in their armory.

Consider some alien creatures that are able to utter the number “9” when shown 
a set of objects. How do they arrive at this answer? There are obviously several 
mechanisms we can ascribe to them: (1) 3 × 3; (2) 4.5 + 4.5; (3) 81; (4) 1 + 2 + 6; 
etc. If we learn nothing else about the creatures’ abilities it will be difficult to 
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decide. But imagine we learn that the aliens only possess mastery of natural  numbers 
1 to 10 and are not aware of fractions. Then we can exclude hypotheses (2) and (3). 
In this way we can build up evidence, which strongly suggests that a certain 
mechanism must be at work. This seems to have been the history of the Copernican 
hypothesis. In 1543 the observational evidence was simply not strong enough to 
favor the Copernican system over the Ptolemaic one. But then Tycho Brahe and 
Galileo made their significant empirical discoveries. They were difficult to reconcile 
with the Ptolemaic system. Through the discovery of his planetary laws, Kepler 
significantly improved the Copernican system. Finally, Newton crowned its success 
when he showed that inertia and gravitation could account for the elliptical orbits 
of the planets. As we shall explain in detail in the chapter on Darwinism, a process 
of elimination of rival accounts takes place. This elimination is possible, as the 
 history of Copernicanism makes clear, because theoretical accounts run up against 
a number of constraints: the stubbornness of the phenomena is one such con-
straint, coherence and the probability of explanations are others. If it is a reality of 
the solar system that the Earth orbits the sun, and not the other way round, it will 
be hard for theoretical accounts to evade this fact. The Ptolemaic system survived 
for 1,500 years because of the paucity of the evidence. Once the evidence hard-
ened, the Ptolemaic system floundered on the stubbornness of the facts and the 
 implausibility of its assumptions.

A determined instrumentalist may not be swayed by such arguments. The 
 instrumentalist will point out: (a) that it is always possible to dismiss the evidence 
as unreliable; the Mathematician and Philosopher in Brecht’s play were right, it 
may be said, to be skeptical about the telescope, which in 1610 was not yet a 
reliable instrument; (b) that it is always possible to change certain background 
assumptions to save the theory; (c) that the history of science is full of cases of 
underdetermination. Until the beginning of the seventeenth century astronomical 
models were  incompatible with each other, yet equally compatible with the evi-
dence. A similar situation prevailed in evolutionary biology until the beginning of 
the twentieth century. And social-science models of societal phenomena still suffer 
from the scourge of underdetermination.

6.4.1 The Duhem–Quine thesis Consider Popper’s falsificationist scheme: from a 
scientific theory, T, we derive a testable hypothesis, HE; this hypothesis is then 
subjected to “severe” tests; if the hypothesis does not survive the tests, ¬HE, the 
theory, from which it was deduced, will be falsified, ¬T. Against this falsificationist 
move Duhem and Quine hold that it is the theory, T, and background  assumptions, 
A, together that face experience; if the tests fail to confirm the hypothesis there is 
some latitude of choice. Either we reject the hypothesis, HE, or we change the 
background assumptions, A, to save the theory. [See Box 1.2 for a more logical 
statement]

Before we turn to an example, some preliminary remarks are in order. First, the 
disjunction, ¬HE ∨ ¬A, is not a definite result. Some reason should be advanced 
for retaining either HE or A. Second, we should consider that the background 
hypotheses, A, and the hypothesis under test, HE, may not have equal 
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 epistemological weight. Often in science, there are fairly well-established  theories, 
or results, which are presupposed and not currently under test. Third, the 
 evidence, E, which is used to test the hypothesis, will often be fairly robust in the 
sense that it has been arrived at through independent methods. The Duhem–
Quine thesis ignores these reservations. It holds that it is always possible to save T, 
despite ¬HE, if we are prepared to make appropriate changes in the background 
knowledge, say from A to A′.

The history of astronomy provides us with nice examples to illustrate and  evaluate 
the Duhem–Quine thesis.

Let us first enrich Popper’s falsificationist scheme with some additional 
 background assumption A. Let T be Ptolemaic astronomy, let A stand for the 
immutability of the supralunary sphere in Aristotelian cosmology; we take HE from 
the Mathematician’s assertion, in Brecht’s play, that according to the ancients 
“there can be no stars, which turn round centers other than the Earth,” that is, 
Jupiter can have no moons; finally let ¬HE stand for Galileo’s discovery of the 
Jupiter moons. Galileo’s discoveries, including the phases of Venus, and Tycho 
Brahe’s observation of the appearance of the supernova of 1572 demonstrate the 
mutability of the heavens. Such empirical discoveries are difficult to accommodate 
in the geocentric model, which explicitly postulates the immutability of the 
heavens. It is difficult to see how the background assumption, A, could have been 
changed in order to accommodate the empirical results. Changing A to, say, A′ – 
the mutability of the heavens – would have destroyed the structure of the geocentric 
model. The empirical discoveries were robust. “The universe of the divine Aristotle 
is an edifice of such exquisite proportions,” declares the Philosopher, “that we 

Box 1.2 The Duhem–Quine thesis in logical terms
Popper’s falsificationist scheme :

T H H TE E⇒ ¬ ⇒ ¬( )⎡⎣ ⎤⎦&

Duhem–Quine Thesis :

T A H H H AE E E& &( )⎡⎣ ⎤⎦{ } ( )⇒ ¬ ⇒ ¬ ∨ ¬

To save the theory, T, Duhem–Quine envisage that the background 
 assumptions can be changed, say to A′, so that from the conjunction of T and 
A′ the negation of HE can be deduced:

T A H E& ′ ⇒ ¬( ){ }

Key to symbols :
T = theory; HE = testable hypothesis; ¬ = negation; Ú = logical disjunction; 
Þ = deductive consequence; A = background assumptions
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should think twice before disrupting its harmony.” The Philosopher’s strategy is 
therefore to deny Galileo’s evidence, ¬HE. This is a legitimate move as long as the 
evidence is not robust. Once the evidence is fairly reliable, this strategy degenerates 
quickly into dogmatism. Galileo’s visitors appear dogmatic because they insist on 
the “truth” of the Aristotelian dogma. Their skepticism would have been more 
justified had they questioned the reliability of the telescope.

There are, however, cases where it is perfectly reasonable to reject background 
assumptions. Let T be Copernican astronomy, let A stand for the assumption of 
uniform, circular orbs in the supralunary sphere, which Copernicus shared with the 
Greeks; we take HE to stand for the circular motion of a planet around the central 
sun; finally let ¬HE stand for Kepler’s discovery of the elliptical, nonuniform 
motion of this planet. We know that Kepler rejected the background assumption, A, 
of circular orbital spheres. He replaced it with nonuniform motion, A′, as expressed 
in Kepler’s laws. As Kepler considered the basic approach of Copernicus to be 
correct, he could not really reject the theory, T. To do so would have meant to 
return to earlier theories, like Ptolemy’s geocentrism or Brahe’s compromise 
system. These earlier theories held few attractions for Kepler, since they were not 
compatible with the observational evidence. It is true that Kepler saved the 
Copernican theory, T, by changing the background assumption, A. As required by 
the Duhem–Quine strategy, the conjunction of T and A′ now had the deductive 
consequence ¬HE: {(T & A′) ⇒ ¬HE}. But note that it was the background 
assumption, A, that Kepler could not make compatible with the  evidence. It was 
not a matter of saving T come what may. T was a relatively successful theory. But it 
could not account for the observations with the accuracy required by Kepler, since 
it was based on a background assumption which it shared with geocentrism.

These two examples suggest that we should distinguish a logical from a practical 
point of view. From a logical point of view it may indeed be possible, as Duhem 
and Quine suggest, to save a theory, T, by a number of stratagems: changing the 
background assumptions, denying the evidence. But from a practical point of view, 
scientists are usually faced with a limited number of theoretical accounts, which 
they assess, as Einstein showed, by submitting them to the power of constraints. 
[Einstein 1918; 1919; Weinert 2006]

∞ 6.4.2 The power of constraints A practical solution to the Duhem–Quine thesis 
relies on the appeal to constraints. Constraints can generally be regarded as restric-
tive conditions on admissibility. They either control which parameters are to be 
admitted into a scientific theory or model or, more generally, which theories and 
models are admissible as scientific constructs. Consider a doorman outside a night-
club. This nightclub serves alcohol but only to punters who are over a certain age 
limit. The doorman must make sure that only punters who satisfy the age limit are 
admitted. If you are an under-age punter, the doorman imposes a restrictive condi-
tion on your admissibility to the nightclub. If he does his job properly, you will not 
be admitted. As we shall discuss now, a variety of constraints operate in scientific 
theorizing. Basically, there are empirical and theoretical constraints, which can be 
further subdivided.
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Consider scientific models and theories as embedded in some logical space, which 
is structured by a range of empirical and theoretical constraints. The  mathematician 
regards an equation as a constraint on the set of possible solutions. Consider the 
equation for a parabola: “y = x2 + 1.” The equation excludes as possible solutions 
all those numbers smaller than one (<1), since numbers <1 do not satisfy the con-
straint imposed by the equation. Scientific constraints are restrictive conditions on 
models and theories “such that out of a set of available parameters only those 
which satisfy the constraints constitute admissible inputs.” With the development 
of science and the emergence of new discoveries, these restrictive conditions can 
change in various ways. [Weinert 1999, 308–13] Thus for the Greeks, as for 
Copernicus, circular motion was a powerful constraint on model building. 
As broad categories, we encounter in science empirical and theoretical constraints. 
Within these broad categories, further distinctions can be made. Under empirical 
constraints we understand the availability of stable, repeatable empirical data 
(experimental and observational results), but also the existence of fundamental 
physical constants (like h and c, see Weinert [1998]), which may appear across 
quite different models or theories. Scientific theories are to be testable against such 
empirical constraints. Under theoretical constraints we understand physico-
 mathematical principles (like the relativity principle); methodological norms: 
 simplicity, unification, logical consistency, and the conceptual coherence of a theory 
(by which is meant here the maximization of the logical connections, mathematical 
derivations, and evidential relations); and finally metaphysical postulates (the 
 uniformity of nature, causality, circular orbits, determinism, perfection and  harmony 
in nature). A conjunction of these different constraints can delineate a number of 
different constraint spaces, in which models and theories can be embedded. 
Geocentrism and its constraints constitute one constraint space, while Kepler’s 
heliocentrism constitutes another constraint structure. The idea of a set of  constraints 
operating on scientific constructs is useful for the elimination of inadequate models: 
the latter founder on the rock of constraints. We have already alluded to the proce-
dure of eliminative induction, which we shall discuss in Chapter II. Its strength lies 
in the fact that it can eliminate not just individual models but whole sets of models 
that satisfy a particular set of constraints. [Norton 1995; Earman 1996]

A constraint space is a structure, defined by various types of constraints, into 
which actual and possible models can be embedded. The constraints operate on 
admissible and inadmissible constructs. The constraints are always finite, but the 
constraint space permits an infinity of possible (unarticulated) models and theories. 
However, a finite number of constraints can govern a potentially infinite number 
of models or theories, just like an infinite number of specific cases, both actual and 
possible, falls under one scientific law. A small number of constraints can eliminate 
an infinite number of models and theories, just like one doorman can turn back a 
large number of punters. Thus a heliocentric structure, combined with Kepler’s 
laws, eliminates all geocentric-type models as unsuitable constructs. The  elimination 
succeeds because the geocentric models become incompatible with the new 
 constraints. In other words, the attempt to insert old models into new constraint 
spaces produces inconsistencies.
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For the purpose of discussing the Duhem–Quine thesis, in the light of  constraints, 
we shall appeal only to empirical data, as examples of empirical constraints, and 
coherence, as an example of a theoretical constraint.

Let us first look at some examples of how the appeal to empirical constraints 
helps to alleviate the Duhem–Quine problem, at least from a practical point of 
view. Recall the situation of geocentricism around 1600. In 1572, Tycho Brahe 
had discovered a new star (supernova). In the period 1577–1596 he discovered 
comets. He proved that they were located beyond the moon’s sphere. These obser-
vations posed a serious problem for one of the central dogmas of geocentrism: the 
immutability of the supralunary sphere. It cannot be excluded, from a logical view-
point, that geocentrism may have found a way to accommodate these phenomena. 
In the later parts of his Almagest Ptolemy suggests that any precise knowledge of 
the supralunary sphere is beyond human understanding. A strange way of accom-
modation is to plead ignorance. It is important to emphasize that geocentrism 
would have had to accommodate the phenomena. They were stubborn phenom-
ena, whose denial would lead to the dogmatism of the Philosopher. The question 
is which cost the accommodation would have incurred. [Kitcher 1993, 247–56; 
Quine 1990, 3–21] As we have seen, the accommodation was natural to 
 heliocentrism. From a practical point of view, the cost of accommodation would 
have placed a severe strain on geocentrism. It is not coherent to postulate the 
immutability of the heavens and accept the evidence of mutability.

Let us also look at some examples of how the appeal to theoretical constraints, 
like the coherence of a scientific theory, helps to alleviate the Duhem–Quine 
 problem. Coherence means that the elements of a scientific theory form a tight 
network. Coherence measures the number of interconnections of the compo-
nents and deductive consequences of a theory. To make coherence act as a 
 constraint means that only those elements which do not upset the coherence of 
the system are allowed to enter. The coherence of scientific theories can be com-
pared to a crossword puzzle. As we fill the columns and rows of the puzzle with 
answers, we begin to see a tight fit. A crossword puzzle has only one solution, 
which determines which answers are permitted. If a column answer is correct, it 
exerts a constraint on all the row answers. With almost all columns and rows 
filled, the puzzle becomes a rigid system. The filled columns and rows impose 
severe constraints on entries in the remaining blank spaces. With this conception 
of coherence in mind, consider how an attempt to fit the Jupiter moons into the 
Ptolemaic model would fare. It would upset the coherence of the system, which 
was based on the metaphysical belief in supralunary perfection. The non-circular, 
elliptical orbit of comets would not only have posed considerable problems for 
the geometric construction of the system. [Figure 1.9] It would have destroyed 
its coherence. Why did Kepler’s introduction of real, nonuniform velocities of 
planets not destroy the coherence of the Copernican system? Kepler accepted the 
spatial arrangement of the planets in the Copernican system. Circular orbits can 
be regarded, mathematically, as good approximations of the near-elliptical orbits 
of the planets. But Kepler had to  abandon the metaphysical need for spheres and 
circular motion.
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We are not arbitrarily imposing philosophical ideas on the Copernicans. We have 
seen that Copernicus expresses a strong belief in coherence in his Preface to 
De Revolutionibus. He stresses that if the movements of the “wandering stars” are 
correlated to the circular movement of the Earth, many observable phenomena 
follow. Taking up these thoughts on coherence, his pupil Rheticus is even more 
explicit on this score. The great astronomers of the past, he declares,

fashioned their theories and devices for correcting the motion of the heavenly bodies 
with too little regard for the rule which reminds us that the order and motions of the 
heavenly spheres agree in an absolute system. [Rheticus, 1540, 145]

If it is true, however, that scientific theories tend to display a great amount of 
coherence (interconnectedness) between their components, then it is hard to 
believe, with Duhem and Quine, that a scientific system only faces the verdict of 
evidence as a whole. As we have just seen, the coherence requirement seems to 
limit the number of changes that can be made. It also limits the nature of the 
changes that are acceptable. We can target particular elements of a system, knowing 
that it will affect the whole system. The Copernican hypothesis targeted individual 
components of geocentrism: the topologic position of the earth; the algebraic tool 
of the equant. Kepler targeted the dogma of circular orbs.

∞ 6.5 Theories, models, and laws

In the preceding pages we have spoken of astronomical theories, geocentric and 
heliocentric models, and planetary laws. The scientific enterprise rests on a number 
of pillars: theories and models, laws, and constraints. How are they related to each 
other? How does a theory differ from a model? What is a law of nature? The con-
straints, as we have emphasized, constitute a constraint space. We can enlarge the 
constraint space by introducing further constraints, as the history of astronomy 
illustrates. Tycho Brahe enlarged the observational basis on which astronomical 
models had to be built. When Kepler rejected the metaphysics of circular spheres 
he became the author of the most fundamental change in the constraint space of 
astronomy for two thousand years.

∞ 6.5.1 Theories and models We can think of a scientific theory as a coherent 
conceptual system, linking a number of theoretical elements, which are important 
for the scientific exercise. A scientific theory applies to a domain. The domain 
 comprises all the phenomena in all the possible systems to which the theory applies. 
The Copernican theory takes all inanimate planetary systems as its domain. The 
Darwinian theory takes all animate biological systems as its domain. The theories 
claim that they can account for all the relevant types of behavior in the systems 
which fall within their respective domains. The Copernican theory wants to account 
for the distribution of solar systems and planetary motions. The Darwinian theory 
wants to account for all evolutionary phenomena. To a certain extent scientific 
theories also provide worldviews. That is, they deliver a particular perspective on 
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the natural or social systems that make up their respective domains. Worldviews tell 
people what the world is like and what place humans occupy in it. Heliocentrism, 
Darwinism, and Freudianism express such metaphysical views of the world. When 
a theory changes, these worldviews come under threat. Such moments in the 
 history of science are the occasions for scientific revolutions. The resistance to a 
change of scientific theories can partly be explained by their association with 
 worldviews. This process is well illustrated in the transition from geocentrism to 
 heliocentrism. We shall see this process at work in the transition from pre-Darwinian 
to evolutionary accounts of biological systems.

Scientific theories usually embody a number of fundamental principles, which 
act as constraints. Copernicus, for instance, states in his Commentariolus seven 
principles of astronomy, including the movement of the Earth. [Copernicus, 
Commentariolus 1959, 58–9; Copernicus 1543, Bk. I, §11] There are metaphysical 
principles, like the belief in circular motion, the unity of nature, and the postulate 
that every natural event is determined. Galileo’s belief that the book of nature is 
written in the language of mathematics is also a metaphysical conviction. There are 
methodological principles, like the belief in a coherent system, the simplicity of 
explanation, and the empirical confirmability of the theory. There are mathemati-
cal principles, like the geometric devices of the Greeks or, after Kepler, the use of 
algebra. Apart from these principles, most modern scientific theories contain a 
body of mathematical laws. This became evident, for the first time, in the work of 
Kepler. Later, as the heliocentric model became more sophisticated, the theory 
could show how the various laws are connected to each other. Newton showed 
how Kepler’s laws could be derived from a more fundamental law, the law of grav-
itation. Finally, scientific theories must embody a body of empirical hypotheses. They 
face the empirical constraints, the empirical evidence. These must be derivable 
from the abstract principles. This can be seen at work in, say, heliocentrism. 
A heliocentric theory makes a very general statement that all planetary systems, not 
just the solar system, consist of a number of satellites, which orbit around a central 
gravitational body. In order to confirm such a universal theory it is necessary to 
derive testable statements about a particular system. The solar system was particu-
larly convenient because it could be observed with the instruments available to 
Galileo and his contemporaries. We can treat these principles as constituting a con-
straint space. The constraint space consists of empirical and theoretical constraints. 
Scientific theories also comprise a number of models. The models allow the theory 
to represent particular aspects of the world. The job of a scientific theory is to 
throw a blanket of coherence over all these elements. The theory shows how all 
these elements fit together and how the models of the theory are connected. 
It shows how the observational and experimental data are deductive or inductive 
consequences of the principles of the theory.

Models are of particular interest, because they provide the theory with the means 
of representation. A theory needs models to represent particular aspects of the 
world. The idea can be quickly illustrated. The Copernican theory is easily 
confused with a model because it is a theory with only a very restricted domain. 
For Copernicus the solar system and the fixed stars constituted the universe. 
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Strictly speaking, the Copernican theory is only a Copernican model. But this is 
just an accident of discovery. The Copernican theory is not restricted to the solar 
system. Its intention is to include in its domain not only the known planets of the 
solar system, but all planetary systems, in any galaxy. If we extend it in this way, it 
becomes a theory. The Copernican theory includes in its domain all planetary sys-
tems in all galaxies. But its extension is much wider. It also includes all artificial 
systems, like satellites, which may be sent into orbit. One essential feature of models 
is that they cover only a limited domain of data. The solar system provides the data 
to construct various astronomical models.

The ability of models to bind selected parameters into a system is one of their 
most important functions. We may call this function coherence or interrelatedness. 
Copernicus was keenly aware that the heliocentric model must represent the plan-
etary system. To enable the models to perform this role, they must serve three 
other functions: abstraction, idealization, and factualization.

Models concentrate on a few manageable parameters of the target system and 
abstract from a number of interfering factors. The interfering factors are neglected 
for the purpose of modeling. This operation is called abstraction. These interfering 
factors may be demonstrably negligible, in which case the model will justifiably 
ignore them. For instance, planetary moons are routinely neglected in the models. 
The model focuses on a central body and its satellites. However, closer scrutiny 
may reveal that the abstracted factors have a non-negligible influence on the rela-
tionship between the parameters, in which case they need to be incorporated in the 
model. The Earth moon has an important effect on the tides.

The real factors, which operate in the material world, may be too complicated to 
compute, in which case a model needs to introduce mathematical simplifications. 
The models idealize the parameters to make their relationships computable in the 
models. This operation is called idealization.13 Once the dogma of circular motion 
has been cast aside, it becomes computationally easier to regard the circle as an 
idealization of the ellipsis.

Again, more complicated models may be able to reduce the idealization of the 
parameters. The inclusion of non-negligible factors and the elimination of ideal-
ized parameters are called factualization. In the history of astronomy the most 
important case of factualization is Kepler’s introduction of his planetary laws.

There are also various types of model. Most models have representational func-
tions. In this way most models in science serve a practical function. A distinction 
between various types of model will help to clarify what it means for models to 
represent. The job of models generally is to capture structural aspects of the natural 
systems modeled. Recall that models either emphasize the spatial ordering of the 
components in the system – as for instance the spatial distribution of the planets 
around the sun in the solar system – or place more emphasis on the mathematical 

13 There has been a considerable amount of literature on abstractions, idealizations, factualizations in 
science: Krajewski, Correspondence Principle [1977]; Nowak [1980]; McMullin [1985]; Brzeziński 
et  al. [1990]; Brzeziński/Nowak [1992]; Herfel et al. [1995]; Cartwright [1999], §9.5; Sklar [2000], 
Ch. 3; see also Morgan/Morrison [1999].
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relationships between the parameters – as for instance in the functional dependence 
of one parameter on another. When the models emphasize the spatial order, they 
represent the topologic structure of the system modeled. When the mathematical 
relationship between the parameters comes to the fore, the models represent the 
algebraic structure of the system modeled.14 In sophisticated models, these two 
ways of representing will often appear combined, as in the mature Copernican 
model.

We will briefly distinguish different types of model:

● Analogue models represent the unfamiliar or unobservable in terms of the 
 familiar or observable. This type of model suggests that there is an analogy 
between certain elements of already known systems and some elements of 
unknown systems. Analogue models are based on formal or material similarity 
relations. In order to consider a physical cause of planetary motion, Kepler uses 
the analogy of magnetic rays of the sun, ensnaring the planets. But the mere 
analogy does not assure that the real systems will resemble the analogue model. 
The sun does not “lead” the planets by magnetic rays; and planets do not dis-
play “friendly” or “unfriendly” faces. Analogies often exploit visual resemblances 
between the models and the system modeled. The sun seems to attract the 
 planets like a magnet attracts a piece of metal. Analogue models are a useful, if 
limited, step in an attempt to achieve physical understanding. They suggest 
useful approaches to problem situations. However, we want more from models 
than just analogies. We want the models to represent structural features of the 
natural systems being modeled. To achieve real physical understanding we need 
more sophisticated models.

● Hypothetical models – or as-if models – incorporate idealizations and abstrac-
tions. They claim to represent the system modeled as if it consisted only of the 
parameters and relationships stipulated in the model. Graphic representations of 
the solar system are typical hypothetical models. [Figure 1.6] They represent 
the solar system as if it consisted only of, say, six planets, without moons, and as 
if they orbited the sun in circular orbits. However, we know that such idealized 
factors are mathematical simplifications and that abstracted factors are present 
in the real systems. (We shall later argue that hypothetical models play an impor-
tant part in the social sciences.)

● Scale models represent real-life systems either in reduced size (the solar system) 
or in enlarged size (planetary models of atoms). Geocentric and heliocentric 
models are typical scale models, which represent, in different ways, the solar 
system. Scale models are usually three-dimensional and require a fairly precise 
knowledge of the operation of the system. The history of astronomy shows that 
an accurate representation of the solar system was difficult to obtain.

● Functional models, as the name suggests, represent the functional dependence 
between several parameters. They are widespread in science, ranging from the 

14 This distinction between topologic and algebraic structures is due to P. Roman [1969], 363–69; see 
Weinert [1999], 313–17.
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Carnot cycle of an ideal gas to space-time diagrams and supply and demand 
curves in economics. There is no need to assign precise values to the symbols 
that stand for the parameters. What counts is the nature of the functional 
 relationship between some parameters. We obtain a functional model, if the 
functional relationship between various parameters is represented in a diagram 
or graph. A functional relationship is captured in Bode’s law. This relationship 
was discovered by Johann Titius. But it became better known through Johann 
Bode (1772). Bode’s law states that the distance of the planets from the sun 
(measured in units of the Earth–sun distance, AU) follows the rule:

r nn
n= + ⋅ = −0 4 0 3 2 1 0 1 2 8. . ( , , , .... )

Thus the distance, r, varies with the exponent n. When n = 1, for instance, we 
find rn = 1, which is the distance between the sun and the Earth in the chosen 
units. When n = 4, rn = 5.2 (AU), which is the distance of Jupiter from the sun. 
In these models, the basis of representation begins to shift from the topologic 
to the  algebraic structure.

● Structural models typically combine algebraic and topologic structures in order 
to represent how some underlying structure or mechanism can account for 
some observable phenomenon. Structural models are very useful in the 
 representation of macroscopic systems, like planetary systems, and microscopic 
systems, like atoms. Kepler’s heliocentric model combines Copernicus’s topo-
logic structure of the solar system with an improved algebraic structure. As we 
have seen, Copernicus’s geometric arrangement of the planets is structurally 
correct, but the failure of his model lies in the algebraic structure. Once the 
topologic structure is combined with Kepler’s laws and later Newton’s theory 
of mechanics, a fairly accurate structural model of heliocentrism emerges. As we 
shall see in Chapter II, structural models can also be used to provide structural 
 explanations.

∞ 6.5.2 Laws of nature, laws of science A scientific theory usually comprises a 
number of scientific laws. In the history of science, Kepler was one of the first to 
introduce mathematical laws of planetary motions. [See Ruby 1995] Kepler’s work 
allows us to distinguish between the laws of nature and the laws of science. [Weinert 
1995a, b] The laws of nature are the empirical regularities that exist in nature, 
irrespective of human awareness. The laws of science are symbolic expressions of 
the laws of nature. For instance, prior to Kepler’s discoveries, the planets moved in 
near-elliptical orbits around the sun. They moved approximately according to 
Kepler’s three laws of motion. But before Kepler, astronomers assumed that the 
planets moved in circles, which were modeled using eccentric or epicyclic motion. 
All these geometric devices were human artifacts. But when Kepler wrote down his 
three laws of planetary motion, he employed symbolic expressions, which encode 
the real motion of the planets. Recall Kepler’s third law: A3 µ P 2. This symbolic 
expression tells us, in terms of averages, that the cube of the average  distance of 
the planet from the sun varies as the square of its orbital period around the sun. 
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This law of science conceptualizes the phenomena. It provides what has been 
called “algorithmic compressibility.” [Davies 1995] That means that all the obser-
vational data about planetary motions can be compressed into a succinct  algebraic 
formula. The equation spares us the tedious task of recording or remembering 
all the data about these motions. In Kepler’s law we have a polynomial formula, 
which expresses the relations in a structure: we expect the trajectory of a planet, 
any satellite, to follow a physical pattern according to this formula. Once the 
formula is at hand there is no need to observe and measure the position of every 
planet. Formulae like Kepler’s laws or Bode’s law inform us, in compressed  algebraic 
form, of the trajectories of the planets. It is therefore not difficult to conceive of 
laws as structural constraints on objects. They lay down how a body like a planet 
must move. They prohibit any other type of behavior of such bodies. Of course, a 
scientific law may be wrong, as the impetus theory illustrates. But the point is that 
the regular behavior of natural systems can be expressed in the language of math-
ematics. If it is the case that planets and satellites behave according to Kepler’s laws 
and that bodies fall according to Newton’s laws, then the laws of science give us, in 
algebraic form, the structure of the behavior of physical systems. The mathematical 
relationship defines a graph, so to speak, on which the observational data of 
 planetary motion can be arranged. If many of these data cannot be arranged along 
the prescribed path of the graph, then the mathematical formula is mistaken.

∞ 6.5.3 Philosophical views of laws The algorithmic compressibility offered by 
the laws of science is extremely convenient. Laws of science express systematic 
 relationships between parameters, enabling us to make inferences from a known to 
an unknown case. Laws allow scientists to find answers to what looks like insoluble 
problems. For instance, Newton’s laws allowed them to determine the mass of the 
Earth. The virtues of the laws of science are so great that philosophers have 
 constructed a number of conceptual models about them.
∞ 6.5.3.1 The inference view According to the inference-license view, laws are 
licenses, which allow scientists to infer A from B. The scientist has a certain set of 
empirical data – the height of a projected ball, the orbital period of a planet – and 
with the help of appropriate law statements, the scientist is able to work out another 
set of data: the initial velocity of the ball, the average distance of the planet from 
the sun. Wittgenstein calls it an illusion “that the so-called laws of nature are the 
explanations of natural phenomena.” [Wittgenstein 1921/1978, §6.371] He 
compares scientific theories, like Newtonian mechanics, with conceptual networks, 
which bring “the description of the universe to a unified form.” (§6.341) 
Anticipating the Duhem–Quine problem, he adds that there can be different 
 networks to which different systems of describing the world correspond. The fact 
that the world can be described by Newtonian mechanics “asserts nothing about 
the world,” according to Wittgenstein. (§6.342)15 The inference-license view 
expresses the gist of instrumentalism, since it holds: (1) that laws of nature are “laws 

15 Similar instrumentalist views on laws in Toulmin [1953], Ch. 3; Hanson [1958], Ch. 5; Watson 
[1938]; for a discussion of these different accounts, see Weinert [1995b]; Carroll [2003].
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of our method of representing nature” (Hanson, quoted in Musgrave [1979–80], 
69); (2) laws permit us to infer particulars from other particulars (for instance, 
from the position of a planet today, we can infer its position 300 years ago) 
(Toulmin, quoted in Musgrave [1979–80], 73); (3) they are just rules of inference, 
so that laws cease to be true or false “empirical” statements.

What are we to think of this view? It is true that scientists do not inductively read 
off the laws of science from the regularities of nature. As they scrutinize the natural 
world, they construct the laws of science. Nevertheless, the idea that laws of science 
are not about nature, but about the conceptual networks according to which we 
describe nature, is very unsatisfactory. The mathematical formulations, which the 
scientists construct, must fit the observational data. Even though the scientist may 
be regarded as free in their formulations of the laws of science, the laws must fit the 
constraints of the empirical world. In this sense the lawful regularities of nature act 
as a constraint on the formulation of the laws of science. This empirical check often 
leads to a modification of law statements. With the emergence of Kepler’s laws, for 
instance, the ancient worry about the equivalence of the geometric devices lost its 
rationale. If laws of science were inference tickets, we would always face the  question: 
“Why are some inference tickets better than others?” “Why are Kepler’s laws better 
than epicycles?” The problem with the inference view is that rules of inference cannot 
be confirmed or disconfirmed. They are simply adequate within a certain scope of 
applicability. But a rule can be adequate without being valid. Ancient astronomy 
made many adequate predictions, although the planetary “law,” on which they were 
based, was mistaken. The adequacy of a law of science is not exhausted by its ability 
to make successful predictions. The law must be valid. It must accurately describe, 
within acceptable limits of approximation, the underlying pattern of regularity. The 
law is the spine that holds the observational bones together. It states a structure, 
which governs the behavior of the observables. But inference rules cannot be refuted. 
They can only be shown to be inadequate for a task at hand. A hammer is an 
 inadequate tool to fasten a screw but not to drive in a nail. Rules need not be 
 eliminated. As science works by a process of elimination, instrumentalism cannot 
explain the progress of science. [Popper 1963, 112–14; Musgrave 1979–80, 97]

The conclusion has to be that the instrumentalist account of the nature of 
 physical laws is inadequate. Laws of science express more than a license to draw an 
inference from one particular set of data to another.
∞ 6.5.3.2 The regularity view The regularity theory of natural laws is a more 
 ambitious program. According to this account, the statement,

“It is a law that Fs are Gs,”

must be analyzed as the statement,

“All Fs are Gs.”

(Let F stand for “planets” and G for the predicate “circular motion.” This 
 statement then tells us that all planets move in circles.) If we look at Kepler’s 
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and Newton’s laws, it may strike us at first that none of them look like universal 
propositions of logic:

“All Fs are Gs”

or, in logical symbols,

∀ ⊃( )( )x Fx Gx .

Newton’s second law and Kepler’s third law do not, admittedly, appear as universal 
propositions in the textbooks of science. But, say proponents of this view, they can 
be cast in logical symbols. All we have to do is let the symbols F and G be  placeholders 
for the parameters involved in these two laws. The logical form expresses the 
 universality. [See Hempel 1965, 25–30, 40, 271]

The distinctive feature of the regularity approach is its portrayal of the natural 
world as governed by uniformities in the Humean sense. That is, if we observe that 
all instances of A precede B, then we have reason to believe that whenever 
A occurs, B will follow. Thus we infer from the occurrence of sunrise in the past 
that the sun will rise in the future.

The regularity theory claims that the world is governed by contingent 
 uniformities, which we express symbolically in our laws of science. The theory 
denies that any form of necessity is involved in natural laws. In a way, this approach 
seems to be quite plausible. Even though the sun has “risen” in the sky for thou-
sands of years, this is not a sufficient reason for the assertion that the sun must 
rise tomorrow. All observed swans (S) may have been white (W ) up to a certain 
moment in time. But this observation does not forbid the occurrence of black 
swans. Nothing forbids the non-occurrence of W, even when S occurs. But 
 consider the two  propositions:

(1) “All sodium salts burn yellow.”
(2) “Nothing travels faster than the speed of light.”

It is tempting to smuggle in a modal operator:

(1a) “All sodium salts must burn yellow.”
(2b) “Nothing can possibly travel faster than the speed of light.”

This temptation stems from the intuitive feeling that laws of nature comprise 
more than contingent uniformities. An intuition tells us not only that A, B, 
and C have a certain property P, but that if some objects have the properties A, B, 
and C, then they also must exhibit the property P. We feel that natural laws must 
not give us accidental generalities, but unrestricted, cosmic uniformities. It must 
not simply be the case that a certain number of objects under investigation (plan-
ets, sodium salts) share certain respective properties (elliptical orbits, yellow 
flames). They must possess these properties essentially. Can the regularity theory 
capture this intuition? For the regularity theory to be viable, it must endorse 
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a crucial distinction between accidental and cosmic uniformities. Consider the 
difference between

(3) “All lumps of gold have a radius smaller than 1 mile”

and

(4) “All atoms have a radius smaller than 1 mile.”

The first statement looks like an accident of nature. Nothing in nature seems to 
forbid the formation of lumps of gold with a radius larger than 1 meter. The second 
statement looks like a universal regularity of nature. It is not simply the case that 
no scientist has ever observed an atom of a larger size. Science tells us that no atom 
can exist if it exceeds a certain size. Only cosmic uniformities should count as laws 
of nature. The challenge is to formulate a set of criteria, which make that  distinction. 
regularity theorists define a statement, P, as a law of nature by a number of 
 conditions:

i. P is either a universal or a statistical proposition.
ii. P is true at all times and all places.
iii. P is contingent.
iv. P contains only non-local empirical predicates, apart from logical connectives 

and quantifies. That is, P is purely descriptive.
v. P takes the form of a conditional (“Ì”).

[See Swartz 1985, 28–29; Molar, quoted in Armstrong 1983, 12] Physical laws, 
according to the regularity view, are descriptions of actualized, empirical, 
 contingent connections between states and events in the physical world. [Swartz 
1985, Chs. 2, 3]

Stated in this way, the regularity theory suffers from a number of weaknesses. 
A consideration of these weaknesses has led to a much stronger view, the  necessitarian 
account of laws. What are the weaknesses?

One worry is that the regularity account cannot properly distinguish between 
accidental generalizations and cosmic uniformities. There are widespread  accidental 
generalizations, which we would not be tempted to count as laws of nature. 
Statement (3) is an accidental generality, whilst statements (2) and (4) are true 
cosmic  uniformities. But statement (3) satisfies the conditions imposed by the 
 regularity theory on the laws of nature. On the other hand, certain statements, like 
(1), only express a restricted uniformity. Yet they qualify as lawful regularities, just 
like Ohm’s law

(5) V = IR,

which states that voltage, V, is the product of current, I, and resistance, R. Ohm’s 
law is only true at constant temperatures. Unrestricted universality is not a  necessary 
condition for laws of nature.
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Therefore we must make a distinction between fundamental and phenomeno-
logical laws. Fundamental laws, like statements (2) and (4), are valid for all physical 
systems. Phenomenological laws, like statements (1) and (5), only apply to physical 
systems under certain restrictive conditions.

A further unwelcome consequence of the regularity theory is its exclusion of 
unrealized physical possibilities. Unrealized physical possibilities are an important 
feature of science, which often lead to technological innovations. For instance, 60 
years ago, satellites were unrealized physical possibilities. One hundred years ago, 
lasers were unrealized physical possibilities. And two hundred million years ago 
most of today’s species were unrealized biological possibilities. All these unrealized 
physical possibilities, had they been realized at the time, would have been subject 
to the same laws that govern them today. Satellites are subject to Kepler’s laws. 
Lasers are governed by the laws of quantum mechanics. Species are subject to the 
laws of evolution. But according to the regularity theorist, unrealized physical pos-
sibilities are physically impossible. This account only accepts as laws of nature the 
actualized cosmic uniformities. The regularity view cannot deal with counterfactu-
als, as they occur in the contemplation of unrealized physical possibilities.

The regularity theory faces, perhaps surprisingly, a great number of problems. 
A philosophical account of laws should account for counterfactuals, the distinction 
between unrealized physical possibilities and genuine physical impossibilities, and 
the difference between accidental and cosmic uniformities. It should also justify 
our confidence in making inferences from known to unknown cases. A  philosophical 
account should explain how scientific laws are employed in our explanations of the 
behavior of physical systems. This is a tall order. The instrumentalist and regularity 
views have not lived up to expectations. Can a stronger view, the necessitarian 
account, help?
∞ 6.5.3.3 The necessitarian view The necessitarian view has a straightforward 
answer to all these problems. Natural laws are relations between universals. The 
necessitarian account transforms the formula, used by the regularity theorist,

“It is a law that Fs are Gs”

into the much stronger claim:

“It is physically necessary that Fs are Gs.”

In terms of our previous distinction between the laws of science (scientific laws) 
and the laws of nature (natural laws), the necessitarian view states that

Laws are (expressed by) singular statements describing the relationships that exist 
between universal qualities and quantifiers.

To say that it is a law that Fs are G is to say that “All Fs are G” is to be understood, 
not as a statement about the extensions of the predicates “F” and “G” but as a  singular 
statement describing a relationship between the universal properties F-ness and 
G-ness (where properties can be magnitudes, quantities, features). [Dretske 1957, 
252–3; cf. Leckey/Bigelow 1995; see also Weinert 1995b]
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The necessitarian approach to laws of nature is based on two essential notions: 
(a) laws involve universals and (b) laws are relations between universals.

Ad (a)  According to David Armstrong, a proponent of the necessitarian view, 
“universals are either properties or relations of some, or holding between 
some real particulars.” [Armstrong 1983, Ch. 6] Universals are the 
repeatable features of the spatio-temporal world.

Ad (b)  If we accept this Aristotelian characterization of universals, we are left to 
specify the relation between universals. Given that some entity is F and 
we know that it is a law of nature that (∀x)(Fx É Gx), we can conclude 
that F must be G, unless there are some intervening factors. It is physically 
 necessary for F to be G, given the law of nature. The relation, which is 
postulated as holding between universals, is one of nomic necessitation. 
Yet nomic necessitation is only contingently true as it may not hold in all 
 possible worlds.

The logician’s symbolic formulation highlights the difference between the 
 necessitarian and the regularity views. From the postulation of nomic necessitation, 
N(F, G), it follows that for all entities, x, if they have property, F, they must have 
property, G. The relation of nomic necessitation between F-ness and G-ness entails 
the corresponding cosmic uniformity:

N F , .G x Fx Gx( ) ( )( )→ ∀ ⊃

But the converse does not follow. Each F may be G but this does not mean that 
F-ness necessarily entails G-ness, as the case of accidental regularities  demonstrates:

∀ ⊃ ¬( )( ) ⎯ →⎯ ( )x Fx Gx N F G,

Accidental generalities allow exceptions, nomic necessity does not (barring 
domain restrictions). One criticism leveled against this theory is that nomic neces-
sitation is not observable. Nothing in our observational evidence points to the 
existence in nature of physical necessity, which the necessitarian theory requires. 
Armstrong postulates nomic necessity as an unexplicable primitive notion of his 
theory. [Armstrong 1983, Ch. 6.4] Science observes repeatable features between 
spatio-temporal events. We are free to label such features – ravenhood and black-
ness – as Aristotelian universals. Even if we grant that science observes universals, 
we cannot leap to the conclusion that physical necessity holds between them. 
Cosmic universality does not imply nomic necessity. (Other necessitarians go 
beyond Armstrong and stipulate the existence of uninstantiated universals, thus 
embracing Platonism.)

We should distinguish two senses of physical necessity. On the one hand we have 
the necessitarian sense of nomic necessitation between universals. This physical 
necessity between universals constitutes the laws of nature. On the other hand we 
have the scientific sense of necessity. This sense states that certain physical systems 
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are subject to the laws of nature. Planets must orbit the sun, because they are 
 constrained by Kepler’s laws to do so, given initial conditions. On the necessitarian 
account, all uniformities in nature reduce to just one connection: nomic necessita-
tion between universals. But the laws of science teach us that there are many differ-
ent mathematical relations between many different systems. They can be expressed 
in precisely defined parameters. Furthermore, these systems are interrelated. The 
laws of science express a number of different algebraic relations between relata of 
physical systems. For the laws of science to express the laws of nature, they must 
approximate the lawful regularities in nature.

The necessitarian view tells us very little about how laws are used in science. If 
we are interested in how the laws of science express nature’s regularities, we should 
turn to an account of laws, which takes us closer to scientific practice. Let us call 
this view a structural approach. The basic idea behind this approach is that the laws 
of science encode the relations in the structure of physical systems.
∞ 6.5.3.4 The structural view Karl Popper rightly points out that “natural laws” 
are logically stronger than true, strictly universal statements. This observation takes 
care of the need to distinguish natural laws from mere accidental generalities. But 
they are logically weaker than logical necessities. While logical necessities are true 
in all possible worlds, the laws of nature are contingent. We expect them to be true 
in the actual universe, not just on Earth, but they may not be true in all possible 
worlds. What logical character do the laws possess? Popper shifts necessity from the 
laws of nature to the laws of science.

If we conjecture that “a” is a natural law – he writes – we conjecture that “a” expresses 
a structural property of our world; a property, which prevents the occurrence of 
 certain logically possible singular events. [Popper 1959, 432]

Thus physical necessity means that the laws impose structural constraints upon the 
natural world. [Popper 1959, 430] According to Popper, scientific laws express 
certain structural properties about the physical world. Popper’s structural view of 
laws stands in direct opposition to Wittgenstein’s instrumentalist view. Popper 
stresses that the laws of nature forbid certain structural properties of the actual 
universe. The laws forbid circular planetary motions, perpetual motion machines, 
and superluminal velocities. The reverse of this characterization is that the laws will 
also enable certain physical events. The laws lay down structural constraints, accord-
ing to which individual objects must behave. But the singular facts continue to 
enjoy a certain freedom within the structural grid that binds all the facts together. 
Autumn leaves, carried by the wind, “defy” the law of gravity. A planet on a  collision 
course with a meteorite may be knocked out of its orbit. Evolutionary mutations 
are the result of genetic chance.

The structural view accounts quite well for some of the main features of scientific 
laws. It accounts for the unavoidable abstraction and idealizations involved in the 
scientific laws. It shows why we cannot deduce nomic necessity from the available 
evidence. It stays close to scientific practice. [Weinert 1993; 1995a, b] The laws of 
nature encode the structural properties of physical systems. The laws of science are 
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the symbolic expressions of these structural aspects in mathematical language. The 
structural account makes the distinction between the laws of science and the laws 
of nature, which we find in scientific practice. It marks the distinction between 
accidental and cosmic uniformities. Accidental uniformities – “All solids of gold are 
smaller than 1 mile in diameter” – are not structural features of the natural world. 
There is nothing in the atomic structure of gold to forbid large solids of gold. 
Cosmic uniformities – “All atoms are smaller than 1 mile in diameter” – express the 
structure of atoms. There could be no atoms if they had these dimensions. It 
explains unrealized physical possibilities as possibilities allowed by the structures. 
It explains counterfactuals by relying on what the structures allow and what they 
forbid. “If there were a tenth planet, it would obey Kepler’s laws” means: the 
structure of the solar system is such that a tenth planet may orbit the sun in accord-
ance with Kepler’s laws. It covers the distinction between fundamental and phe-
nomenological laws. Fundamental laws express the structure of all or numerous 
systems; phenomenological laws are restricted to a few systems, requiring many 
boundary conditions.

According to the structural view of laws, the laws of nature constitute constraints 
on the possible trajectories of material objects in our universe. For mathematicians 
equations are constraints on the possibility of solutions. Imagine a mathematician 
who has taught algebra for many years. The mathematician has patiently explained 
to students the use of functions. A function f(x) is an equation of a certain degree: 
(a) y = 2x2 + 3x + 4 is a quadratic equation while (b) y = 3x3 + 2x2 + x + 1 is a poly-
nomial expression. As Descartes discovered, functions can be represented in 
Cartesian graphs. Irrespective of the particular equation, a mathematical function 
displays typical algebraic structures, depending on the exponentials involved. 
Consider two material objects in our universe, one of which behaves according to 
(a) and the other according to (b). Even if we know nothing more about these 
objects, the structure of their trajectory is laid down in their respective graphs. 
(The details of the graphs change if more boundary conditions are included.) 
[Figures 1.10a, b]

These graphs represent the permitted trajectories of the object, under the 
 constraint of the respective function. More precisely they represent a mathematical 
pattern, which says that any object, subject to the given algebraic structure, y = x2, 
will display a behavior pattern of this structure. Similarly for objects, which are 
subject to the algebraic structure, y = x3. The laws of science represent, in mathe-
matical language, structural aspects of the world around us. The laws specify the 
relations in the structure, according to which material objects must behave. In this 
sense the laws of science impose constraints on the possible trajectories of objects 
through the material world. As we noted earlier (Section 6.3), a structure consists 
of relata and relations; the relations bind the relata together. In the case of plane-
tary systems, the relata are planets, moons, comets, meteorites, and satellites; the 
relations are the mathematical relationships that hold between the relata; or the 
relata may be biological systems between which evolutionary relations hold. 
On the structural account, the laws of science determine mathematically specifiable 
correlations between the relata. As the graphs illustrate, the laws specify the 
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 trajectory of material objects as they weave their paths through a material world in 
the neighborhood of other objects.

We have now discussed a number of philosophical issues, which arose out of the 
problem situation of Copernicanism. Copernicus stood at the threshold of 
modern science. The Copernican turn pushed open the gates to the Copernican 
revolution. Can Copernicanism tell us something about the process of scientific 
revolutions?

7 Copernicus and Scientific Revolutions

One measure of the depth of a physical theory is the extent to which it poses serious 
challenges to aspects of our worldview that had previously seemed immutable. 
[Greene, The Elegant Universe (2000), 386]

We have argued that Copernicus is the author of a change of perspective. Copernicus 
initiated the Copernican turn. Although his system had several advantages, it did 
not amount to a scientific revolution. On the one hand, Copernicus adheres too 
much to his Greek predecessors and their geometric methods. He adopts a purely 
kinematic view. He adds no significant new observations to the available catalogue 
of data. On the other hand, he leaves in place the equivalence of hypotheses. 

Figure 1.10 (a) The quadratic function leads to a parabola; (b) The polynomial function 
leads to a polynomial graph
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He finds it acceptable to use a number of geometric devices interchangeably, 
 without asking which one corresponds better to the physical mechanism of plane-
tary motion. But his model is in better agreement with the topologic structure of 
the solar system. In this respect it enjoys greater empirical validity. However, its 
algebraic structure is deficient. For this reason the Copernican model fails to reach 
full theoretical validity.

If the Copernican turn was a first step in the direction of a scientific revolution, 
what criteria are available to judge an episode of science as a scientific revolution? 
Several models of scientific revolutions have been proposed.

A Kuhn’s paradigm model of revolutions. According to Thomas S. Kuhn, the 
 history of science consists of a series of “normal” and “extraordinary” periods. 
[Kuhn 1970; Hoyningen-Huene 1993] A normal period of science is marked by 
the presence of a dominant paradigm. This paradigm is accepted as a valid frame-
work for ongoing research. During periods of normal science, scientists are involved 
in problem-solving. The accepted problems and solutions are set by the ruling 
paradigm. Typical examples of paradigms are heliocentric astronomy, Newtonian 
mechanics, and Darwinian evolutionary biology. During normal periods of science, 
the practitioners of a scientific discipline accept the basic presuppositions of the 
paradigm. Their work consists in refining the representational force and explana-
tory power of the paradigm. Kepler, Galileo, and Newton all accepted the helio-
centric hypothesis. Newton accepted Kepler’s laws, although Galileo chose to 
ignore them. But Galileo’s observations made significant contributions to helio-
centrism. In their own way they all refined the paradigm and improved it. Eventu-
ally, however, any period of normal science faces a crisis. It then enters a period of 
extraordinary science. A crisis in science can happen for a number of reasons. It is, 
according to Kuhn, mostly associated with the failure of a paradigm to deal with all 
the phenomena in its domain. A crisis occurs because a paradigm faces a significant 
anomaly. An anomaly is not just the failure of a prediction or a discrepancy between 
theory and observations. Such discrepancies are unavoidable: the observational 
devices are not perfect and the theory always makes a number of abstractions and 
idealizations. An anomaly occurs when there is a persistent disagreement between 
a theory and its predictions. An anomaly arises when the theory claims that the 
world is one way and our observations tell us that it is another way. The Greek 
theory of concentric circles quickly faced an anomaly. The theory implied that the 
planets are always at a constant distance from the Earth. Observations told the 
Greeks otherwise: the planets change their distances from the Earth. The geocen-
tric view forbids the appearance of comets beyond the lunar sphere. The Mathema-
tician and Philosopher in Brecht’s play insist that Jupiter can have no moons. Yet 
Brahe’s and Galileo’s observations told them otherwise. These theories faced 
anomalies. They could not accommodate the observations, which clearly fell within 
their domains. When such events happen, the once dominant paradigm enters a 
crisis. The practitioners try to solve the problem in a number of ways. If they 
 succeed the paradigm may continue its rule. But if they fail, the scientific discipline 
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enters a revolutionary period. During a revolutionary period, according to Kuhn, 
the old paradigm is dismantled and replaced by a new one. A scientific revolution 
is a replacement of a paradigm.

A paradigm is a conceptual scheme which mediates the interaction between the 
scientist and the world. It facilitates the mapping of symbolic structures onto the 
empirical world. Later, Kuhn preferred to speak of a “disciplinary matrix”: an 
ordered set of elements. A matrix comprises a number of conceptual elements: 
symbolic generalizations, like fundamental laws; exemplary problems, on whose 
solutions students can practice the techniques of the discipline; scientific values, 
like consistency, coherence, testability, unification; and metaphysical convictions, 
like a belief in an ordered universe, an independent, external reality, and determin-
istic laws. Kuhn renamed a paradigm of science “a disciplinary matrix” to indicate 
that the conceptual constructs form a coherent network. A distinctive feature of 
Kuhn’s paradigm model of scientific revolutions is that scientists are taken to be 
fundamentally committed to their paradigms. A paradigm gives them a firm foot-
hold that enables them to approach the natural world in a principled manner. 
According to Kuhn, the scientists begin to see the world in terms of the ruling 
paradigm. It is as if a scientist was wearing glasses – Newtonian spectacles, Darwinian 
spectacles – through which alone s/he could see the world. According to Kuhn, 
scientists can inhabit only one paradigm at a time. If this is the case then paradigms 
which spell out completely different problem situations make the scientists see the 
world completely differently. They find it difficult to talk to each other, because 
they inhabit “different worlds.” The Aristotelians in Brecht’s play embrace geocen-
trism and inhabit a geocentric world. It makes sense to them to refuse to look 
through the telescope, because Jupiter’s moons “cannot exist.” By contrast Galileo 
defends heliocentrism. He inhabits a heliocentric world. His appeal to the observa-
tional evidence cuts little ice with the Mathematician and Philosopher. He speaks 
from the platform of a paradigm, whose language they cannot understand. There 
is an abandonment of critical discourse.

If this scenario describes the history of science correctly, Kuhn faces the question 
of how scientific change is possible at all. For both parties in the dispute seem to 
be absolutely convinced of the truth of their respective paradigms. Kuhn uses the 
term “incommensurability” to describe the stalemate. The term indicates that it is 
not possible to translate each element of a paradigm into the elements of its rival 
paradigm. It is possible to compare paradigms globally but it is not possible to map 
each conceptual element of one paradigm onto another. [See Andersen/Barker/
Chen 2006, Ch. 5] We may ask why this should be important or even a problem. 
If there is no equivalent of an “epicycle” in Kepler’s model, this seems rather a gain 
than a loss. Kuhn, however, considers the incommensurability of paradigms to be 
an important feature of the history of science. So he has to explain how paradigms 
can change at all, if scientists are chained to them like worldviews. Kuhn’s answer 
is that the seeds of revolutionary change are built into each paradigm. Each para-
digm eventually encounters an anomaly. It is the persistent non-agreement between 
theory and empirical data that precipitates a paradigm into a crisis.
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Eventually a new paradigm emerges. With the new paradigm, a new period of 
normal science sets in. Most practitioners are now in fundamental agreement with 
the presuppositions of the new paradigm. Again it imposes a vision on the scientist, 
which differs markedly from the previous vision. “What were ducks in the scien-
tist’s world before the revolution are rabbits afterwards.” [Kuhn 1970, 111] 
According to Kuhn, the quantum jump from one paradigm to another has drastic 
consequences. First, the whole conceptual network changes. There are vast differ-
ences in ontology – of the things which are supposed to exist in the world – between 
the old and the new paradigms. Kepler, for instance, replaced the solid spheres with 
free-floating planets. The Greek geometric devices are replaced by Kepler’s plane-
tary laws. The abrupt change also affects the range of acceptable problems and the 
accepted techniques. From Kepler to Newton the dominant problem became the 
question: “Why do planets move in orbits?” Geometrical methods became obso-
lete and were replaced by more sophisticated mathematical techniques. Second, a 
communication breakdown occurs, as Brecht’s play seems to illustrate. Kuhn is not 
always clear about the extent of the communication breakdown. After criticism he 
seemed to accept that the communication breakdown was only partial. [Kuhn 
1983; Nola 2003, Ch. 1.4.1] The scientists will at least partly agree on some con-
tinuity between the old and new paradigms. But rational reasons alone are not 
compelling enough to convince a doubting scientist of the virtues of the new para-
digm. Kuhn explains the adoption of the new paradigm as a case of conversion and 
persuasion. The reality is more complicated, as Kuhn eventually admitted. There 
are continuous and discontinuous links between the paradigms. An intensive dis-
cussion took place between the Copernicans, the Ptolemaists, and the theologians. 
The correspondence between Osiander, Copernicus, and Rheticus has survived. 
The dispute lasted for 150 years. This was enough time for many different models 
to be marshaled. The Ptolemaists provided arguments against the motion of the 
Earth. Copernicus adopted the impetus theory to reject their arguments. Tycho 
Brahe adopted a compromise position. An inveterate Copernican like Galileo 
simply ignored Kepler’s laws. Some converted to Copernicanism, like Rheticus in 
Germany and Digges in England. Until the beginning of the seventeenth century 
there was insufficient evidence of the heliocentric hypothesis so that some accepted 
only parts of the Copernican system. [Rybka 1977; Dreyer 1953, Chs. XIII, XIV] 
The Copernicans finally prevailed when Newton combined the law of inertia with 
the law of gravitation.

The Copernican turn does not really fit the Kuhnian paradigm model. 
[Heidelberger 1980] It did not constitute a paradigm shift. The Copernican 
 version of heliocentrism is hardly incommensurate with geocentrism because of 
the large overlap between the two systems. Copernicus uses many of the Greek 
observations. He invents no new method. On the contrary, he wants to be purer 
than Ptolemy, since he objects to the use of the equant. As the discussion around 
the term “hypothesis” shows, it is hard to detect as much as a partial breakdown 
of communication. Of course, the opponents did not agree. The ambiguity of 
the term “hypothesis” seems to have provided a bond between proponents and 
detractors of Copernicanism. Later on, the Copernicans did not even agree on 
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some of the central elements of the disciplinary matrix. Galileo continued to 
believe in  circular motion. The Copernican position is compatible with both 
instrumentalism and realism. By concentrating on the equivalence of hypotheses, 
Osiander argued in favor of instrumentalism. By focusing on the topologic 
 structure of his model (in Book I of De Revolutionibus), Copernicus arrived at a 
realist position.

The conceptual network did change but by a slow transition rather than quan-
tum leap. Tycho’s observations, Kepler’s calculations, Galileo’s findings  provided 
 powerful arguments in favor of the Copernican hypothesis. These achievements 
 constituted powerful constraints, which the geocentric system could not accom-
modate. Let us therefore consider some alternative models of scientific 
 revolutions.

B Cohen’s four-stage-model. Bernard I. Cohen, a historian of science, proposed a 
model, according to which a scientific revolution unfolds in four stages. [Cohen 
1985] The first stage consists of a conceptual innovation, as we find in Copernican-
ism and Darwinism. We discussed this stage earlier as a change in perspective. 
A change in perspective is, however, not sufficient to constitute a revolution.16 The 
second stage consists of new methods and techniques. We have found that  Copernicus 
did not introduce new techniques, so he would fail this second criterion. In this 
regard both Kepler and Newton made the greatest advances. Darwin, too, proposed 
a new method: the Darwinian inferences. His principle of natural selection, as we 
shall see, incorporates a new algebraic structure. The third stage Cohen calls “dis-
semination.” In this stage the revolution occurs on paper. It is given a voice in the 
public arena. In modern terms, we would say the work finds a publisher. There are 
some famous publication dates in science, which illustrate this stage: Copernicus’s 
De Revolutionibus (1543); Darwin’s The Origin of Species (1859); Einstein’s special 
theory of relativity (1905). These publications submit the revolutionary ideas to 
public scrutiny. The fourth stage consists in the adoption of the new ideas by the 
scientific community. This is not a question of an instant conversion. The new ideas 
usually find some proponents but they also meet with skepticism and opposition. 
In such a situation intensive debates ensue. They do not have to take the turn of 
the unfortunate encounter of Galileo with the Mathematician and the Philosopher. 
Attempts to persuade are often based on arguments. In his Narratio Prima (1540) 
Rheticus tries to convince his contemporaries of the superiority of the Copernican 
system. At the beginning of the seventeenth century Kepler wrote the first text-
book of astronomy. The Epitome of Copernican  Astronomy (1618–21) is a long 
argument in favor of a modified Copernican system. Darwin conceived his Origin 
of Species as a “long argument” in favor of evolutionary  explanations. If there is no 
instant conversion, most successful scientific  theories experience a convergence of 

16 It may be asked whether a change in perspective is also a necessary condition for a revolution. This 
will be too strong a requirement for it amounts to the thesis that a scientific revolution cannot occur 
without a change in perspective. But even if this were true of all past revolutions in science, we cannot 
be committed to the view that it will also be a condition of all future revolutions in science.
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expert opinion. After some period most scientific  practitioners become convinced 
of the validity of the new theory. According to the evidence gathered in this and 
later chapters, this is mostly a matter of persuasion by argument. For the evidence, 
as we have seen, also converges on to one model or theory. What is more, the 
same evidence that increases the creditability of one theory begins to discredit 
rival theories.

Cohen’s four-stage model sees scientific revolutions as temporally extended 
processes. They are transitions rather than abrupt conversions. The first two stages – 
the conceptual innovation and the new techniques – intimate an important aspect 
of scientific revolutions, namely the problem-solving abilities of new paradigms. 
This aspect was already emphasized in Kuhn’s paradigm model. It becomes the 
focus of the chain-of-reasoning model.

C The chain-of-reasoning model. Seen against the background of Copernicanism 
(and Darwinism), Kuhn’s model suffers from two defects. With its thesis of incom-
mensurability it overemphasizes the disruptive discontinuity between successive 
paradigms. And it often portrays a breakdown of communication between scien-
tists, as parodied in Brecht’s play, when the reality of scientific revolutions is often 
more sophisticated. Cohen’s model may satisfy a historian of science but it does 
not emphasize sufficiently the conceptual continuity between successive revolu-
tions. Successive revolutions display a transitional nature, which can be made more 
precise. Let us speak of traditions, rather than paradigms, to designate the concep-
tual networks in the history of science. Their respective elements can change 
 differentially. That means, as the history of Copernicanism has shown, that the 
geocentric tradition did not collapse all at once. Rather, the Copernican spatial 
rearrangement of the planets was  preceded by an abandonment of the Aristotelian 
theory of motion. Only later was the notion of circular notion discarded. This 
 differential surgery means that we can look for reasoned transitions between the 
conceptual components of the network. [Shapere 1964; 1966; 1989; Chen/Barker 
2000] We can follow the career of, say, the concept of circular orbs from Greek to 
post-Copernican astronomy. We will observe that it became obsolete and ask why 
this happened. Or we can study the role of theories of motion in the history of 
astronomical models. The theorists of the Parisian School replaced the Aristotelian 
theory of motion with the impetus theory, because they found that the latter gave 
a better explanation of motion. The impetus theory helped the Copernican model 
along the way. But it was not until the middle of the seventeenth century that the 
concept of inertia was developed. [Drake 1975; Wolff 1978; Dijksterhuis 1956] 
These are examples of reasoned transitions. They are reasoned transitions because 
they arise from problem situations, in which attempted solutions are evaluated thro-
ugh chains of reasons and arguments. In the history of astronomical models we 
can follow the career of constituent presuppositions. They are judged as to their 
ability to provide solutions to the problem of planetary motion. The transitions 
lead to the reorganization of at least part of the conceptual scheme. The transitions 
are part of problem- solving attempts. These attempts leave traceable lines of 
descent between astronomical models. There are deletions: the Aristotelian theory 
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of motion; there are  modifications: the circle gives way to the ellipsis; there are 
 replacements: mathematical analysis replaces geometric methods. We can trace the 
lines of arguments in the development of conceptual traditions and their com-
ponents: of theories of motion and the arrangement of planets from  geocentrism 
to heliocentrism. We can evaluate these operations in the chains of reasoning. 
Chain-of-reasoning transitions emphasize the slow transformations of conceptual 
networks, traditions, through the weight of arguments and evidence. Integrating 
these insights we arrive at an analytic four-stage model of a scientific revolution as 
a series of successive events:

1. a turn or switch of perspectives, which often involves a questioning of existing 
presuppositions;

2. the introduction of new methods and techniques with problem-solving 
 ability;

3. the emergence of a new tradition through differential chain-of-reasoning 
 transitions, as a result of the problem-solving success of the emergent 
 tradition;

4. convergence of expert opinion on to a new tradition; we shall note in Chapter II 
that this convergence does not exclude the coexistence of alternative models 
within the new tradition.

There is no guarantee that once a component is secured within a tradition, its 
position will remain unchallenged by further arguments. Ironically, this fate befell 
the Copernican principle itself. If we follow this particular chain of reasons into 
contemporary debate, it will lead us to a questioning of the Copernican principle: 
that we do not occupy a privileged position in the universe.

8 The Anthropic Principle: A Reversal 
of the Copernican Turn?

To paraphrase Descartes, “cogito ergo mundus talis est.” [Carter, “Anthropic 
Principle” (1974), 294]

Freud considered that human self-pride had suffered serious blows from 
Copernicanism and Darwinism. It is true that the Copernican hypothesis dethrones 
humans from their imaginary physical center in the universe. And Darwin seems to 
have robbed humans of their “crown of creation.” But the Copernican change in 
perspective also demonstrates the power of the human mind. Copernicus and his 
successors showed that the supralunary sphere was not forever veiled from human 
comprehension. The human mind, as Kepler insisted, is more penetrating than the 
human eye. What humans can see is not the limit of what they can comprehend. 
As we seem to be the only intelligent species in our immediate cosmic  neighborhood, 
spanning several light years in all directions, humans can at least claim rational 
centrality. The Copernican turn shows that rational centrality does not depend on 
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physical centrality. Once this had been understood, modern science could get off 
the ground. Humans will not be able to leave the solar system in the foreseeable 
future. Humans cannot even visit all parts of the solar system. Yet cosmologists 
know much more from scientific analysis than they would learn from cosmic 
sightseeing. Cosmologists have mapped the structure of the solar system, the Milky 
Way, and the cosmos to an extent that could not be matched by mere  observations.

For some cosmologists this rational centrality is not enough. They have  proposed 
an Anthropic Principle (AP), which attempts to restore some of the pre-Copernican 
pride to the human species. The Anthropic Principle seeks a reversal of the 
Copernican turn. It reasons from the existence of intelligent life on Earth to the 
special physical conditions that render intelligent life possible. Our position in 
the universe may not be central, but it is privileged. [Carter 1974, 291] There are 
in fact two versions of the Anthropic Principle.

● The Strong Anthropic Principle (SAP): The Universe must have those  properties 
which allow life to develop within it at some stage in its history. [Barrow/Tipler 
1986, 21; Carter 1974, 294]

This is a very stringent requirement, since it postulates that the physical layout 
of the universe is such that it inevitably becomes a self-cognizant universe. The 
universe will eventually lead to the creation of intelligent human observers. 
[Barrow/Tipler 1986, 248, 523; Breuer 1991, Ch. I] The strength of this 
requirement is also its weakness. On the one hand, the Strong Anthropic Principle 
embodies a determined anthropocentrism, which is no longer part of a physical 
explanation. Since the Scientific Revolution of the seventeenth century there has 
been a radical tendency to eradicate anthropocentric reasoning first from the 
physical sciences, and subsequently from the biological sciences. On the other 
hand, the SAP runs directly counter to evolutionary explanations of life. Biological 
 principles, like natural selection, do not claim that new species evolve along a 
linear path, whose terminus is the emergence of human beings. It was one of the 
consequences of Darwin’s work that any teleological thinking in evolutionary 
biology, which treated humans as the telos of evolution, was a misconception. 
Most cosmologists therefore prefer a weak version of the Anthropic Principle.

● The Weak Anthropic Principle (WAP): We must be prepared to take account of 
the fact that our location in the universe is necessarily privileged to the extent 
of being compatible with our existence as observers. [Carter 1974, 293; Dicke 
1961; Breuer 1991, 8]

This postulate states that the existence of human life can be used to explain 
the delicate values of the fundamental physical constants:

The observed values of all physical and cosmological quantities are not equally 
 probable but they take on values restricted by the requirement that there exist sites 
where carbon-based life can evolve and by the requirement that the Universe be old 
enough for it to have already done so. [Barrow/Tipler 1986, 16; Dicke 1961]

 The idea is that the intricate balance between the fundamental physical con-
stants cannot be a cosmic accident. Even the slightest changes in these values 
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would destroy the possibility of human life. The precise numerical values of the 
fundamental constants are held to be necessary for human life to become pos-
sible. The stability of matter and three-dimensional space, for instance, is essen-
tial for life. A slight change in these numerical values would have launched the 
universe onto a completely different trajectory. Even more dramatically, there 
are key properties of the universe, without which biological evolution would 
have been impossible. Our discovery of these key properties “may in some sense 
be necessary consequences of the fact that we are observers” of them. [Barrow/
Tipler 1986, 383] The basic idea is that human existence imposes severe con-
straints on the numerical values of the fundamental constants. The constants 
must have the values they possess because we are here. Couched in counterfac-
tual terms, if the fundamental physical constants had acquired slightly different 
values, human beings would not have evolved. As humans have evolved, the 
constants must possess these specific values.

Consider, for instance, the age and size of the universe. Proponents of the 
Weak Anthropic Principle maintain that these properties can be explained by 
considerations of the condition of human existence. Clearly the Earth must 
have been physically hospitable to the evolution of organic life. The transforma-
tion of hydrogen and helium into life-conducive molecules happens primarily in 
stars. But the  production of the heavier molecules, on which life depends, takes 
billions of years. The universe must be sufficiently old for life forms to be 
present. Therefore,  proponents of the WAP argue, the existence of human life 
can explain the age of the universe. And the age explains its size. “Many obser-
vations of the natural world (…) can be seen in this light as inevitable conse-
quences of our own existence.” [Barrow/Tipler 1986, 219]

For proponents of the WAP this reasoning restores a form of special centrality 
and reverses the Copernican turn. If only very special conditions produce a  self-
 cognizant universe, a close link between the human race and the cosmic 
 environment is reestablished. The Anthropic Principle puts constraints on the 
structure of a self-cognizant universe. It asserts that intelligent life in some ways 
selects the actual universe. [Barrow/Tipler 1986, 510; Breuer 1991, Ch. I] 
Solely such a universe gives rise to intelligent observers who can recognize their 
privileged  position.

One problem with the Anthropic Principle is that it is at best only  approximate. 
It invites the observer back into physical theory. But even then it can only state the 
order of magnitude of the fundamental constants, not their precise values. The 
WAP masquerades as a physical explanation when it is no more than an 
 unobjectionable inference. From the fact that human observers inhabit a small 
corner of the universe it is inferred that this place must be hospitable to life. But 
our existence does not retrospectively explain why the universe possesses the 
 physical conditions that have made intelligent life possible. [Salmon 1998, 396] 
Even proponents of the AP admit that the principle may ultimately be replaced by 
a physical explanation. [Carter 1974, 292, 295; Carr/Rees 1979, 612]

There is a certain similarity between arguments advanced by proponents of the 
AP and those of modern advocates of Intelligent Design. Advocates of Intelligent 
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Design argue that many biochemical processes are too fine-tuned for natural 
 selection to explain them. [See Chapter II, Section 5.4]. They consider that such 
organs as the eye are so complex that they could not be the result of slow evolu-
tionary adaptation. Advocates of the AP point to a similar delicate balance in the 
 fundamental constants. They argue that the existence of intelligent observers can 
explain the fine-tuning of the fundamental constants. In both cases teleological 
explanations play an important part. Proponents of Intelligent Design infer design 
from the complexity and improbability of biological systems. Proponents of AP 
infer a special place and time for humans from the specific values of cosmic 
parameters. The problem is that the fundamental constants do not possess their 
particular values, because we are here. A slight change in the value of the 
fundamental constants in the distant past might indeed have rendered the evolu-
tion of life on Earth impossible. But our presence now does not make it necessary 
that in the past the constants acquired their particular values. It is true that we can 
infer special values of the fundamental constants from our presence. But this does 
not explain the values. The SAP seems to imply that observers are the goals of 
evolution. [Barrow/Tipler 1986, 28] Such teleological thinking, as Chapter II 
will show, has been prevalent for most of the history of ideas. It is strongly con-
tradicted by the history of Darwinism. Even the WAP fails to show that the sizes 
of stars, planets, and people are the necessary consequences of the constants of 
nature. [Barrow/Tipler 1986, 387] One reason is that cosmic evolution is con-
tingent. The Earth is not shielded from the rest of the solar system. For millions 
of years the Earth was  subject to the bombardment from outer space. The cosmos 
is a vast system. According to the Alvarez hypothesis, the extinction of the dino-
saurs, 65 million years ago, was the aftermath of a collision of the Earth with an 
asteroid. When they disappeared their lifespan had already stretched over 200 
million years. Had they continued to thrive, humans might never have seen the 
day of light. During the dinosaurs’ reign conditions were favorable to organic 
life. But this does not mean that human observers had to appear. There is another 
reason to be suspicious of anthropic reasoning, which follows from the first criti-
cism. Anthropic reasoning ignores chains of causation. We cannot causally explain 
the occurrence of an earlier event through the occurrence of a later event. Yet 
anthropic reasoning leaps from a distant event in the past to present-day events. 
It answers questions like, “Why is the universe isotropic?” with statements like 
“because we are here.” [Barrow/Tipler 1986, 426] However, the contingency of 
physical events forbids us from skipping several links in the chain of causation. 
It would be faulty reasoning to claim that I am here because my great- grandparents 
met in the 1870s. Physical thinking tells us that interferences can divert an event 
from its “predetermined” path. Evolutionary thinking tells us that the tree of life 
sprouts in a contingent manner. If we accept these insights, then humans are not 
a necessary consequence of evolution. Such an explanation sounds suspiciously 
like Lamarck’s progressive evolution. As we shall see, Darwin’s revolution led to 
the loss of rational design.

The Copernican turn, we may conclude, led to a loss of physical centrality. But 
human existence is still precious in a dual sense. We are the only intelligent species 
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within our cosmic neighborhood. As such we do not depend on any physical 
 centrality. Through the force of abstract reasoning human minds crisscross the 
universe. We know more from thinking than from seeing. This is a worthier kind 
of centrality. It is rational centrality.
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Essay Questions

 1 Greek astronomy was concerned with ‘saving the appearances’. Explain what 
this means and what impact it had on the philosophical status of scientific 
 theories.
 2 Greek astronomy assumed a ‘two-sphere universe’. Explain what this means 
and what impact it had on the philosophical status of scientific theories.
 3 What is the structure of geocentrism and why did the Greeks find it so 
 compelling?
 4 Explain how the replacement of the Aristotelian theory of motion by the 
 impetus theory was a logical precondition for the development of Copernicanism.
 5 Explain the major achievements of the Copernican revolution.
 6 Explain why the Copernican worldview was only completed in the Newtonian 
synthesis.
 7 What is the structure of heliocentrism and why did the Copernicans find it so 
compelling?
 8 Realism is “the belief that a mere description of data is not all that should be 
required of a theory.” [Bernard d’Espagnat] Discuss the significance of this state-
ment, using appropriate examples.
 9 There are two views on theories: realism and instrumentalism. Explain what 
they are. What arguments does the realist produce against the instrumentalist?
10 In which sense could you use Copernicanism to support, respectively, instru-
mentalism and realism?
11 Explain how the issue of realism versus instrumentalism arises from the 
Copernican turn and discuss some of the arguments in favor of realism and instru-
mentalism, respectively.
12 Explain, illustrate, and evaluate some of the typical arguments for and against 
realism and instrumentalism.
13 If models are ways of representing the natural and social world, how is this 
representation achieved?
14 Explain the role of models in science. What types of models are there and why 
are models important? Illustrate with respect to Copernicanism.
15 The DN model assumes the symmetry of explanation and prediction. Use 
examples from astronomy to evaluate the appropriateness of this assumption.
16 Explain and illustrate the role of hypotheses in the history of astronomy, from 
Ptolemy to Newton.
17 Explain the underdetermination thesis (Duhem–Quine thesis). What argu-
ments can be advanced against it?
18 Explain and illustrate the reversal of perspective in Copernicanism.
19 What do we understand by a scientific revolution? Were Copernicanism and 
Darwinism scientific revolutions?
20 Explain why the Copernican heliocentric hypothesis was a Copernican turn 
rather than a scientific revolution.
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21 Explain why it took 140 years – from 1543 to 1687 – to complete the 
Copernican revolution.
22 If Copernicus initiated only a Copernican turn, why is Darwin’s Origin of 
Species (1859) a scientific revolution and Copernicus’s Revolutionibus (1543) not?
23 Explain what advantages the Copernican model had over the Ptolemaic 
model. Why do historians of science not regard Copernicus as a “true” revolution-
ary in science?
24 Critically discuss the applicability of Kuhn’s paradigm model of scientific 
revolutions in the context of the Copernican model.
25 Explain for what reasons J. Kepler is regarded as the true revolutionary in 
the history of astronomy.
26 Critically analyze the role of constraints in science by reference to 
Copernicanism and Darwinism.
27 Explain the difference between the laws of nature and the laws of science. 
Why is this distinction important?
28 Critically evaluate the distinction between theories and models.
29 Critically discuss arguments in favor of and against the structural view 
of laws.
30 Critically discuss arguments in favor of and against the necessitarian view 
of laws.
31 Critically discuss arguments in favor of and against the regularity view 
of laws.
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Ape and man are similar forms, which developed in a dissimilar way from the 
same stock. [Rolle, Der Mensch ( 21870), 107; translated by the author]

1 Darwin and Copernicus

Darwin seems to me to be the Copernicus of the organic world. [du Bois-
Reymond, “Darwin and Copernicus” (1882–3), 557]

We have spoken, in Chapter I, about Copernicus. His heliocentric view of the 
cosmos led to a loss of physical centrality. This induced such a momentous shift in 
human perspectives that it is not surprising that Darwin and Copernicus should 
often have been compared. [Haeckel 1929, 207; Huxley 1860, 79] For Darwin, 
too, produced a change in perspective. He removed the idea of design. He placed 
all organic life, including humans, under the cosh of evolutionary thinking. As 
soon as Darwin had published The Origin of Species, on November 24, 1859, the 
tremendous impact of his theory was felt by his contemporaries. A. R. Wallace, 
co-discoverer of the principle of natural selection, recognized the revolutionary 
potential of Darwin’s theory:

Never, perhaps, in the whole history of science or philosophy has so great a revolution 
in thought and opinion been effected as in the twelve years from 1859 to 1871, the 
respective dates of publication of Mr. Darwin’s Origin of Species and Descent of Man. 
[Wallace 1891, 419; Haeckel 1882, 534]

Almost 150 years after Darwin’s publications, researchers in biology still agree 
on the upheaval in human thinking that Darwinism unleashed. Writing in 1974, 
Jacques Monod was quite confident

that no other scientific theory has had such tremendous philosophical, ideological and 
political implications as has the theory of evolution. [Monod 1974, 389]

II

Charles Darwin: The Loss 
of Rational Design
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The distinguished evolutionary biologist Ernst Mayr is no less certain that the 
publication of the Origin “represents perhaps the greatest intellectual revolution 
experienced by mankind.” [Mayr 2001, 9; Mayr 2000, 67–71] Reflecting the 
growing importance of the science of biology for the twenty-first century, Stephen 
Jay Gould accords Darwin a bigger impact effect than Copernicus.

Of the two greatest revolutions in scientific thought, Darwin’s surely trumps 
Copernicus in raw emotional impact … [Gould 2002, 46; Büchner 1868, 267]

This chapter aims at giving a concise description of Darwinism, its principles and 
consequences. It will not be possible to survey the vast amount of literature about 
Darwin and Darwinism. Much of the written work on Darwinism deals with the 
principles of evolutionary biology. The focus of this book is on the impact of 
scientific thought on philosophical questions. We will therefore concentrate on 
relatively neglected aspects of Darwinism – the consequences of his evolutionary 
thinking for human self-images and philosophical issues. To understand the 
upheaval in human thinking, which we will later characterize as a loss of rational 
design, we need to canvass views of life before and after the Origin. To understand 
the impact of Darwinism on the question of human origins we need to look at 
work on the antiquity of mankind and the new idea of descent with modification. 
These strands run together in Darwin’s The Descent of Man (1871). Through the 
study of this material we will gain a vantage point from which to tackle philoso-
phical questions as they arise from Darwin’s work. This will lead us into a study of 
the career of philosophical presuppositions in Darwinism, to questions of scientific 
method, of the philosophy of mind, of explanation and prediction.

2 Views of Organic Life

The scientific criticism of life “admits that all our interpretations of natural 
fact are more or less imperfect and symbolic, and bids the learner seek for truth 
not among words but among things.” [Huxley, Science, Culture and Other 
Essays (1888), 15]

Let us start with some pre-Darwinian history. We consider the mixture of theo-
retical speculations about organic life and the emergence of empirical data that 
created the conceptual space in which Darwin’s theory of evolution found a niche. 
It soon diminished the influence of its rivals and eventually established itself as the 
dominant view.

2.1 Teleology

If a scientific revolution is, in its primary sense, a rearrangement of conceptual 
networks, then Darwinism was a true revolution in science. Darwinism changed the 
view of organic life. The most striking change concerns the demise of teleological 
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thinking. This is well illustrated in Kant’s explanatory dualism. Kant applies different 
measures to the explanation of organic and nonorganic nature. In his Theory of the 
Heavens (1755) Kant proposed a purely mechanical view of the origin and evolu-
tion of the inorganic world. His cosmic history explained the emergence of order 
from an original chaos through the operation of purely mechanical causes. There is 
in Kant a very early anticipation of the Big Bang theory. At the beginning there is 
chaos. Today there is order. Most visible is the order of planetary systems. But plane-
tary systems are grouped into galaxies. And galaxies are grouped into clusters. Kant 
was one of the first to conjecture that the specks of light in the night sky represent, 
in fact, other galaxies in the universe, which are structured in similar ways to our 
Milky Way. How did this order come about? Kant requires no more than Newton’s 
laws to account for the cosmic order. The beauty of Kant’s cosmic hypothesis is that 
it envisages the whole cosmos as a vast network of systems and subsystems, all 
locked into Newtonian regularities. Kant emphasizes that the establishment of 
today’s cosmic order out of an original chaos can be explained solely by appeal to 
mechanical laws. Cosmic evolution, as conceived by Kant, lacks a purpose. The 
mechanical laws pursue no aim. Kant repudiates the postulation of final causes in 
the explanation of cosmic history. Inorganic nature follows no preexisting design.

But organic nature is strikingly different. Kant finds that organic nature cannot 
be explained without envisaging design. Design comes with a purpose in mind. 
A tool is designed to fulfill a purpose. Equally, organic nature cannot be explained 
without design. The employment of mere mechanical causes to explain a plant or 
an insect will fail at the earliest stage. To explain organic nature we need final 
causes. Kant predicts, in 1755, that it is more likely that a mechanical explanation 
of the formation of all planets, their orbits, and the origin of cosmic architecture 
will be achieved before “a single weed or caterpillar can be explained mechani-
cally.” [Kant 1755, Preface, 237] Kant’s evolutionary account of cosmic history 
excludes the evolution of species. Exactly 104 years later, Darwin proposed a 
mechanism to explain the origin of weeds, caterpillars, and other creatures. Kant 
does not claim that purpose is observable in nature. But a mere mechanical descrip-
tion of the structure of, say, a bird would leave the impression of pure chance. Pure 
chance cannot explain the complexity of the organic world. In order to avoid expla-
nations by blind mechanisms, purpose in nature must be stipulated as a regulative 
principle. This is the postulation of teleology. [Kant 1790, §§61, 80–4] The observ-
able mechanisms must be interpreted as if they were operating according to a 
hidden blueprint (Bauplan). The purpose of the blueprint is to permit a plausible 
explanation of the intricate order of living things. Blind mechanisms are not suffi-
cient, Kant declares, to explain how organic beings can be built. For in view of an 
organic creature it is always possible to ask: why is it there, what is its function? And 
mechanical explanations do not provide a satisfactory answer. Final causes are 
needed to complement mechanical explanations. Such final causes are also needed 
to make sense of human existence and morality. Humans before and after Kant 
regarded themselves as the final purpose on Earth.

Kant’s explanatory dualism was understandable at the time. By the end of the 
eighteenth century, the physical sciences had eliminated teleological thinking. 
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Kant himself had produced a mechanical explanation of the evolution of the 
cosmos. But it was difficult to see, as Kant’s dualism demonstrates, how a contem-
plation of the organic world could relinquish purpose and design.

At the time of Kant’s death (1804), biology was far less developed than astro-
nomy and physics. It lacked the fundamental laws and precise observations. It 
lacked an axiomatic structure. To Greek astronomers it seemed intuitively clear 
that the Earth is at rest, with the planets gyrating around its central position. To 
eighteenth-century biologists it was intuitively clear that the complexities of the 
organic world revealed order, built on purpose and design. Prior to Darwin several 
schemes reflected this belief in purpose-built nature. We will shortly look at the 
Great Chain of Being and Lamarck’s evolutionary views. We must be aware that 
Darwin’s revolution did not stamp out all of the older beliefs about organic nature. 
Teleology turned out to be a tenacious presupposition. It made a comeback in the 
1880s and again the 1990s under the name of Intelligent Design. The resurgence 
of design scenarios is entirely due to the perceived inadequacy of Darwin’s mecha-
nism of natural selection. Even some of Darwin’s staunchest supporters clung to 
teleological straws. Darwin could hardly have wished for a more enthusiastic pro-
ponent than August Weismann (1834–1914). Weismann made a tremendous 
discovery: that only germ cells transmit hereditary information. Weismann showed – 
against Lamarck’s view of the transmission of acquired characteristics – that somatic 
cells cannot transmit characteristics from parents to offspring. Alfred Wallace 
illustrated the point:

It has (…) never been alleged that the children of deaf-mutes exhibited any unusual 
difficulty in learning to speak, as they should do if the effects of disuse of the organs 
of speech in their parents were inherited. [Nature 48, 1893, 267]

Yet Weismann, just like Wallace, found it difficult to jettison all teleological 
 baggage. In his Darwinian exposition of a mechanical view of nature, he asks: “But 
how can we acknowledge a teleological principle without abandoning the purely 
mechanical conception of nature?” The essentially Kantian answer is: by the 
assumption of the “immanent teleology of the universe.” Weismann, the scientist, 
embraces a mechanical conception of nature. Weismann, the philosopher, is fright-
ened of crude materialism. He therefore attempts to marry a mechanical with a 
teleological conception of the universe. Like many of his contemporaries, Weismann 
fears that a renunciation of teleology will lead to a loss of culture and spirituality. 
[Weismann 1882, 710–18] In the eyes of Darwin’s opponents, evolutionary theory 
had an unwelcome philosophical consequence: materialism. The evolution theory 
was more than just another piece of science. It threatened established philosophical 
convictions. The motivation behind the invocation of purpose and design in nature 
has not changed since Weismann’s day. As we shall see, the intricate complexity of 
biological systems and functions still makes contemporary opponents of evolution-
ary theory infer intelligent design. In order to get a flavor of this thinking, let us 
first look at some typical teleological views of organic life at the beginning of the 
nineteenth century.
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2.1.1 The Great Chain of Being
(…) we cannot understand how the trout north of the Alps can belong to the same 
stock as those south of the Alps, separated as they ever have been by insurmountable 
mountains (…). [Vogt, Lectures on Man (1864), Lecture VIII, 216]

One representative idea of the structure of organic nature is the so-called Great 
Chain of Being. It harks back to the Greeks. [Lovejoy 1936] The natural world was 
cast in the image of a ladder, ranking all created forms from the brightest angel to 
the humblest worm in a descending order. The Almighty embodied the highest 
form of perfection. Each creature occupied a rung on this hierarchical ladder. 
Shakespeare makes use of this scale of being in his history plays. [Tillyard 1943] As 
humans possess instincts, bodily sensations, and abstract faculties of reasoning, 
they stand between the animal world (ruled by instincts) and the realm of angels 
(governed by pure reason). The whole chain was seen as a graded ladder of perfec-
tion. It was complete, continuous, and harmonious. No chasms or gaps existed. 
Several features about this chain stand out:

● It does not allow evolutionary transformations. On the contrary, the chain of 
being in its pure form asserts the immutability of species. The scale is static. 
Each species, including humans, is consigned to a particular rung of the ladder. 
There is no room for descent with modification.

● The entire chain was believed to have been created in its present form. The 
resemblance between Man and Ape was not alarming to an eighteenth-century 
audience (as it would be for a nineteenth-century audience). This resemblance 
was just a reminder of the proximity of the rungs that apes and humans occu-
pied, respectively. The continuity of the chain said nothing about descent. There 
was no place for evolution in the chain, since the world was believed to be only 
a few thousand years old.

● There was no room for the creation or extinction of species. The chain was 
complete.

The Great Chain of Being was an explanatory sketch. Like geocentrism it faced the 
verdict of evidence. At the end of the eighteenth century, the idea of a scale of 
being struggled with many difficulties.

First, geology came into its own. This new science discovered many fossil records, 
which documented the successive extinctions of species. In his Dictionnaire 
Philosophique (1764) Voltaire expressed his dissatisfaction with the fixity of the 
Chaîne des Êtres. [See Lepenies 1978, 47; Lovejoy 1936, 252] It was obvious, he 
observed, that there were extinct plants and animals. And humans had shown them-
selves capable of eradicating whole populations of animals, like the wolf in England. 
Second, it was obvious to Voltaire that breaks existed in the chain: “is there not 
 visibly a gap between ape and man?” Scholars turned to the discontinuities and gaps 
in the animal world. For our purposes, the dissimilarities and more spectacularly 
the similarities between ape and human are of particular interest. [Gillispie 1959, 
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17–18; Eiseley 1959, 5–10; Gould 1988, 6] Third, scholars like James Hutton and 
Charles Lyell began to doubt the traditional view that the Earth was just a few 
thousand years old. Tentative calculations extended the age of the Earth from thou-
sands to millions of years. It began to dawn on scholars that the age of the Earth 
was much greater than had previously been conceived. This is often described as the 
discovery of deep time. In his Theory of the Heavens (1755), Kant had speculated that 
“millions of years and centuries” had flown past before the present order of the 
cosmos could be observed. During Darwin’s lifetime, the physicist W. Thomson, 
later known as Lord Kelvin, estimated the age of 
the Earth to be around 98 million years. [Barrow/
Tipler 1986, 160–1; Gould 1988] [Box 2.1]

Faced with these difficulties, the Chain of Being 
ceased to serve as a description of the universe as it 
is and always has been. The Great Chain of Being 
underwent a conceptual revision. It became tempo-
ralized: the image of the scale of descent was con-
verted into the ladder of ascent. [Crombie 1994, 
Vol. III, 1698; Lepenies 1978, 52–77] The Chain 
of Being was reinterpreted as a process of creation, 
occurring over extended periods of time. The 
German philosopher and mathematician Gottfried 
Wilhem Leibniz gave an eloquent expression to the 
temporalization of the Chain of Being:

Further, we realize that there is a perpetual and most free progress of the whole 
 universe toward a consummation of the universal beauty and perfection of the works 
of God, so that it is always advancing toward a greater development. (…)

Although the Chain of Being had been transformed into a ladder of ascent, it 
retained some of its essential features. The universe evolves toward perfection; its 
progress is purposeful and follows a divine plan; the chain is no longer static but 
it still grows teleologically toward a goal.

Box 2.1 The age of the Earth and the existence of life

● Age of the Earth: 4.6 billion years
● Micro-organisms in early fossil records: 3.5 billion years
● Oldest animal fossils: 700,000,000 years
● First vertebrates: 400,000,000 years
● First mammals: 200,000,000 years
● Homo habilis: 1,800,000 years
● Homo erectus: 500,000–1,000,000 years
● Homo sapiens: 25,000 years

Gottfried Wilhelm Leibniz 
(1646–1716)
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To the objection that may perhaps be offered that if this were so the world would long 
ago have become a paradise, the answer is at hand: although many substances have 
already come to great perfection, yet owing to the infinite divisibility of what is con-
tinuous, there always remain in the abyss of things parts that are asleep, and these 
need to be awakened and to be driven forward into something greater and better – in 
a word, to a better state of development. Hence this progress does not ever come to 
an end. [Leibniz 1697]

With the temporalization of the Chain of Being a sense of development made 
itself felt in biological thinking. The Chain of Being did not stretch, statically, like 
a bridge from the beginning to the end of time. Rather, it sprouted, like a tree of 
life, from simple roots, at the moment of creation, to organic marvels in the full-
ness of time. Yet, “the notion that the organic creation was peculiarly a theater for 
the observation of Providence in action” remained in place. [Gillispie 1959, 19] 
Providence – the beneficial care of God for the inhabitants of Earth – was a central 
assumption prior to Darwin. There was a general conception that God was a kind 
of master workman who had personally supervised the creation of even the tiniest 
organisms in the natural world. Leibniz did not stray from this conception. He was 
as much an explanatory dualist as Kant. He held that mechanical laws were suffi-
cient to explain the smooth running of the inorganic world. The laws of motion, 
governing all macroscopic objects, were so precise that there was no need for God 
to interfere in the mechanism. The universe was like a gigantic clockwork. It was a 
clockwork universe. The organic world was different. It required design, purpose, 
and teleological development. It would take hard conceptual efforts to overcome 
the belief in the progressive unfolding of organic complexity. In an attempt to 
construct a theory of the organic world at the beginning of the nineteenth century, 
the assumption of progressive evolution was an unquestioned building block. 
Lamarck made progressive evolution a central pillar of his theory. Lamarck needed 
design, like Leibniz. But a designer God played a negligible part in their accounts. 
In Leibniz and Boyle, God’s role is confined to setting the clockwork universe in 
motion. Lamarck accepts at best that God lays down the basic design plan. Lamarck 
made giant steps toward a modern view of organic life. His was a lone voice. The 
dominant paradigm lay in design arguments.

2.1.2 Design arguments
According to Teleology, each organism is like a rifle bullet fired straight at a 
mark; according to Darwin, organisms are like grapeshot of which one hits some-
thing and the rest fall wide. [Huxley, “Criticisms” (1864), 84]

In discussions of the contrast between evolutionary theory and design arguments, 
it is customary to refer to Archdeacon Paley. William Paley was a well-known figure, 
who wrote a book entitled Natural Theology, or Evidences of the Existence and 
Attributes of the Deity collected from the Appearances of Nature (1802). The book 
presents the famous watchmaker argument: from the existence of a watch we infer 
a watchmaker; by analogy we ought to infer a Designer God from the order of 

9781405181846_4_002.indd   999781405181846_4_002.indd   99 7/31/2008   9:53:00 AM7/31/2008   9:53:00 AM



100 Charles Darwin: The Loss of Rational Design

nature. But Paley himself stands in a long tradition 
of teleological thinking. This design paradigm infers 
from the seeming order and perfection in nature a 
Designer God, a divinely gifted engineer. The 
Epicureans attempted to explain the beauty and 
symmetry of nature as a result of pure chance. 
Proponents of design arguments usually dismiss 
such attempts as highly implausible. It contradicts 
our sense experience. The ancient Greeks could not 
believe that the Earth turned around the sun. The 
evidence of the senses seemed to support geocen-
trism. If the Earth turned, there would be violent 
storms on Earth. And objects would not fall in a 
straight line. In a similar way design arguments rely 
on what seems manifest to human sense perception. 
Aristarchos’s heliocentric view of the cosmos was a 
minority view; so was the Epicurean chance expla-
nation. Geocentrism and design arguments consti-
tuted a majority view. They relied on plain reason 
and the testimony of the senses. Our senses tell us 
that the Earth resides stationary at the center of the 
universe. They also tell us that the order and sym-
metry in the organic world must be the work of an 
intelligent creator.

Robert Boyle felt provoked enough by the 
Epicureans of the seventeenth century to publish 
an extended proof of design: A Disquisition about 
the Final Causes of Natural Things (1688). He 
first looks at the argument from design from the point of view of inanimate 
objects. His contemporaries indulged in the vulgar belief that the stars and the 
sun had been especially created to shed light and warmth on the inhabitants of 
the Earth. For instance, of the moon, a “secondary planet,” Kepler says:

this star has been assigned to the Earth as its private property, so that the moon 
might help with the growth of Earthly creatures and be observed by the speculative 
creature on the Earth, and that the observation of the stars might begin with it. 
[Kepler 1618–21, Bk. IV, Part I, §4 (43)]

This was too simplistic. The System of the Word was so complex, Boyle argued, 
that it was a mistake to infer from the regularity of planetary motions a particular 
purpose for human ends. Boyle believed, like Leibniz, in a clockwork universe. 
There was no need for corrective interferences on the part of the Artificer. This was 
a more radical mechanical view than that of Newton, who had assumed that God 
would have to make occasional adjustments to the clockwork universe. But in the 
domain of organic life, Boyle saw as little chance to avoid explanatory dualism as 

William Paley (1743–1805)

Robert Boyle (1627–91)
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Leibniz and Kant. Even so complex an object as a clock cannot match the complexity 
of animate objects in the biological world:

(…) there is more admirable Contrivance in a Mans Muscles than in (…) the Celestial 
Orbs; and the Eye of a Fly is a (…) more curious piece of Workmanship, than the Body 
of the Sun. [Boyle 1688, 43–4]

The complexity and design of plants and animals was so intricate that an infer-
ence to particular ends was justified. It was obvious to Boyle that a divine engineer 
had created eyes to provide their lucky bearer with vision. This Artificer had even 
been wise enough to equip each animal with a pair of eyes, just in case one eye 
succumbs to disease. Humans cannot infer with certainty that a Deity created all 
these natural wonders for the sole purpose of human ends and delectation. Yet, 
they can be certain that this is one of their purposes. It would be the height of 
irrationality to infer from the beauty and perfection of nature that pure chance had 
been the author.

The French philosopher Pierre Louis Moreau de Maupertuis (1698–1759), 
however, refused to restrict the impact of the design argument to planetary order 
or organic structure. In his Essai de Cosmologie (1750) he argues that mathematics 
can establish the existence of God. The lawful regularity of the universe itself is 
based on a universal principle of least action. Maupertuis is referring to the exist-
ence in physics of least action principles, which prove that nature behaves in the 
most economical fashion. At the beginning of the seventeenth century Pierre 
Fermat proved that light rays move between any two points in such a manner that 
their paths take the least time. That may not be the shortest path but it is the path 
that takes less time than any other path. The same is true of particles, which move 
in accordance with Newton’s laws of motion. Out of a number of possible paths, 
which a particle can take in space, the true path is the one for which a quantity 
called action, S, is the minimum.1 So Maupertuis looks much deeper into the 
order of nature. He finds that the mathematical economy of nature, captured 
in the principle of least action, points to a divine Designer. The mathematical 
beauty, which reveals itself in the order of Nature, must be the work of a superior 
intelligence.

When Boyle and Maupertuis penned their respective arguments from design, the 
mechanical worldview was establishing its supremacy in the physical sciences. 
Newton had still believed that the clockwork universe needed the occasional inter-
ference of the Deity to keep it ticking with perfect regularity. But both Boyle and 
Leibniz saw in the need for occasional repair work a diminution of the power of 
the creator. Once the clockwork universe was set in motion by its divine author the 
universal laws kept it in reliable motion. However, in the order of the planets 

1 Roughly, the action, S, is defined by the integral KE PE dt
t

t
−( )∫

1

2
,  e.g. the integral of the kinetic 

minus the potential energy over the period t1 to t2. Out of all possible paths, the true path is the one for 
which the action is the least.
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and the galaxies no more than general design intentions could be detected. The 
organic world provided much more concrete evidence of divine artwork. Boyle 
concedes that pure chance may have made stones and metals, but not vegetables 
and animals.

There is incomparably more Art expressed in the structure of a Doggs foot, than in 
that of the famous Clock at Strasbourg. [Boyle 1688, 47]

In Paley we find a similar preference for biology to establish the design argument. 
It is true, says Paley, that a clock reveals a considerable amount of design. But the 
organic world offers much more striking instances of design. We discover so much 
beauty, order, and regularity that only an intelligent designer could have created 
the world.2

There cannot be design without a designer; contrivance without a contriver, order 
without choice. [Quoted in Gillispie 1959, 36]

With so much attention lavished on plants and animals, each species seemed to 
be purposefully crafted. Boyle lamented the strong tendency of his contemporaries 
to interpret all cosmic events as though specifically created for human purposes. 
This warning was understandable because design arguments emphasize the inclina-
tions of humans to read into organic nature a Creator’s intention. The organic 
world, though, seemed to offer a safer license to make inferences to a designer. 
Natural theology had the task of demonstrating “the final intention of the creator 
in respect to each structure.” [Eiseley 1959, 178] Natural theology, though, is 
preoccupied with appearances. We found a similar anthropocentrism in the 
 geocentric worldview. The appearances seem to suggest that the Earth sits at the 
center of the universe. Heliocentrism destroyed this belief. Now Natural Theology 
reaffirmed the centrality of human existence in the organic world.

Although the idea of a fixed chain of being faded away, the search for design con-
tinued. There had been suggestions in the eighteenth century that the age of the 
Earth was much older than the Bible’s 6,000 years. Yet the evidence of the rocks 
was still too weak to dent the biblical story. To the mind of believers, geological 
evidence appeared to confirm it: a universal deluge had taken place and human 
existence could not be older than laid down in the Bible. These were central fea-
tures of the biblical story of creation. They fitted in well with the general belief in 
teleology and progressive evolution. [Gillispie 1959, 107] In such situations, when 
the evidence cannot decisively credit one model and discredit another, philosophers 
speak of underdetermination. [See Chapter I, Section 6.4] The same evidence 
seems to be compatible with competing conceptions, for instance regarding the 

2 Discussions of design arguments are much older than Paley: they are to be found as much in Greek 
writers as in Hume’s Dialogues Concerning Natural Religion (1779) and Kant’s Critique of Pure Rea-
son (1781, A620–631) – see Dawkins [1988], Ch. I; Barrow/Tipler [1986], Ch. 2; Dennett [1995], 
Ch. I, §4; Behe [1996], Ch. 10; Ruse [2003], Chs. 1–4.
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age of the Earth. At the beginning of the sixteenth century, Copernicus clung to 
the equivalence of alternative hypotheses. At the beginning of the nineteenth 
 century rival models for the origin of species made their appearance. They chal-
lenged the existing design models. But another 50 years would have to elapse 
before the evidence could weigh the competing models differentially. Philosophically 
speaking, the argument from design acts like a license for permissible inferences. 
The inferences take us from the existence of visible order in the natural world to 
design and from design to a benevolent creator. The argument from design works 
essentially by the power of analogies.

Every species seemed to be meticulously designed with a particular purpose in 
mind. A bird has wings in order to fly. Humans have brains in order to think. 
By common consent, humans occupy a superior place in the plan of creation. By 
implication, the animal and plant world was created for the purpose of Man. But 
we have to consider whether permissible inferences are also admissible inferences. 
Consider a debate at the very beginning of the nineteenth century between a Deist 
and an Evolutionist. The Deist relies on commonsense and the appearance of natu-
ral order to infer the existence of God. The Evolutionist relies on natural laws and 
mechanical explanations to infer regularity in nature. He shuns inferences to super-
natural agents. For the Deist, function comes first; the organ is tailored to it. If the 
Creator wants a creature to see, He bestows eyes on it. It therefore makes little 
sense in this scheme to allow for change and variability. Creatures occupy their 
permanent places in the order of things. There is a ladder of ascent.

For the Evolutionists the organ rises first; it shapes its function. This reversal in 
perspective put into Huxley’s hands a Darwinian rebuttal of the design argument:

Suppose, however, that any one had been able to show that the watch had not been 
made directly and by any person, but that it was the result of the modification of 
another watch which kept time but poorly; and that this again had proceeded from a 
structure which could hardly be called a watch at all – seeing it had no figures on the 
dial and the hands were rudimentary, and that going back in time we came at last to 
a revolving barrel as the earliest traceable rudiment of the whole fabric. And image 
that it had been possible to show that all these changes had resulted, first, from a 
tendency of the structure to vary indefinitely; and secondly, from something in the 
surrounding world which helped all variations in the directions of an accurate time-
keeper; and checked all those in other directions; then it is obvious that the force of 
Paley’s argument would be gone. For it would be demonstrated that an apparatus 
thoroughly well adapted to a particular purpose might be the result of a method of 
trial and error by unintelligent agents, as well as of the direct application of the means 
appropriate to that end, by an intelligent agent. [Huxley 1864, 83]

Huxley benefited from Darwin’s proposal of a mechanism by which functions 
might be causally explained. [See Section 6.7.3] Prior to Darwin there were often 
wild speculations as to how the organ could be shaped to perform its function. 
Lamarck made a brave attempt to provide a mechanistic explanation. Such mecha-
nistic hypotheses had occasionally been made public and severely rebuked. In his 
Système de la Nature (1770) Paul Thiry d’Holbach declared humans to be products 
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of nature, with respect to both their emergence and their moral and intellectual 
faculties. Plants and animals were adapted to the particular climatic conditions on 
Earth. If environmental conditions on Earth changed, he argues, “all products of 
the globe would also change.” It is not unreasonable to suspect that all species are 
subject to change. Nature knows no permanent forms. And man is not the crown 
of creation. All these were vague speculations, a philosopher’s fantasy running wild. 
Yet we should not underestimate the power of ideas. Ideas impose order on our 
observations. They make coherent what looks disparate. They create new models 
of reality. But when facts are scarce the ideas float too freely in a conceptual space. 
This was Lamarck’s strength, which led to his ruin.

2.1.3 Jean Baptiste Lamarck
Unquestionably the greatest defect in Lamarck’s work was the insufficiency of 
the stock of observations and experiments he brought forward in proof of his far-
reaching principles. [Haeckel, Nature 26 (1882), 540]

In many people’s minds the name of Newton is associated with the falling apple 
and the law of gravity. This is a positive association for it is an indication of Newton’s 
genius. The name of Jean Baptiste Lamarck invites 
a negative association. It brings to mind the giraffe, 
which stretches its neck to reach the leaves of tall 
trees; the neck grows longer and the giraffe passes 
its elongated neck on to the next generation of 
giraffes. That’s why giraffes have long necks. And 
ducks have webbed feet because they spread their 
toes to propel themselves forward in water. 
Lamarck has been much ridiculed for his ideas 
of use-inheritance – the inheritance of acquired 
characteristics. The characteristics acquired by the 
hard-pressed individuals of one generation are 
miraculously passed on to their offspring. Darwin 
held his achievements in low esteem. Yet there is much more to Lamarck than the 
“discovery” of soft inheritance. He had a successful career: he was professor of 
zoology at the Natural History Museum in Paris, member of the Institut de France 
and many other European Societies of Science. Yet his influence was minimal. He 
was little understood in his own time. He lived in the shadow of the powerful 
George Cuvier (1769–1832). And his ideas were eclipsed by Darwin’s theory of 
evolution. The brilliance of Darwin’s work should not let us forget Lamarck’s 
achievements. Exactly 50 years before the publication of the Origin of Species 
Lamarck published his Philosophie Zoologique (1809), in which he presents his 
theory of transformism. This book contains his much-maligned doctrine of soft 
inheritance. But let us weigh his mistake against his achievement. Lamarck worked 
out a way of temporalizing the Great Chain of Being. In doing so, Lamarck aban-
doned the idea of the fixity of species and the theory of special creations. The 
immutability of species was a core element of the ladder of existence and design 

Jean Baptiste Lamarck 
(1744–1829)
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arguments. It lived on through the work of Cuvier until Darwin finally dismissed 
it. In place of the fixity of species Lamarck proposes the mechanism of progressive 
modification. Lamarck did not even assume an act of divine creation at the begin-
ning of organic life. Life starts by spontaneous generation. Through this process 
very simple creatures are born. If it were left undisturbed, the complexity of life’s 
scale would slowly evolve through progressive modifications. Would the simpler 
creatures not disappear? No, because spontaneous generation works continuously, 
always replenishing the world. Necessary inner propulsion would turn the simpler 
creatures into more complex organisms. Complications arise. Changes in the envi-
ronment disrupt the mechanism of progressive modification and challenge the 
organisms to adapt themselves. Changing environmental conditions lead to changes 
in organisms. Some organs experience a reinforced use and others fall into desue-
tude. Strengthened organs are passed on, through use-inheritance. Organisms 
change within a few generations. The complexity of the organic world slowly 
unfolds. This is linear evolution, because the idea of hierarchy is retained. For 
Lamack man is a model of perfection and all other creatures are measured against 
man. Although Lamarck temporalizes the Great Chain of Being and abandons the 
idea of the fixity of species, he is still committed to teleology. That is, Lamarck 
thinks that the evolution of the ladder of existence follows some preset aim. The 
telos is to produce humans. Nature evolves from simpler to more complex organ-
isms with the aim of bringing forth the most perfect being of them all: Homo 
sapiens. This has proved to be such a compelling image that even today evolution-
ary theory is often conflated with progressive modification; a confusion to which 
many contemporary documents testify. [Figure 2.1]

Lamarck was also a stern materialist. Materialism has many connotations. In the 
present context it expresses the belief that all the phenomena of organic life can be 
explained by appeal to mechanical causes. This includes the higher mental capaci-
ties of human beings. Kant was not a materialist. He even doubted that a cater-
pillar could be explained mechanically. But the doctrine had a long tradition in 
France (d’Holbach, Helvétius, La Mettrie). It led to the image of man-machine 

Figure 2.1 The seven ages of an academic. An advertisement in The Guardian newspaper 
(23/4/2002), which draws attention to academic vacancies in the Tuesday editions. Source: 
The Guardian. © Guardian News & Media Ltd 2002
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106 Charles Darwin: The Loss of Rational Design

(l’homme machine). For the materialist, mental faculties and consciousness are 
nothing but expressions of brain states.

We shall see that materialism was one of the main philosophical objections against 
Darwin’s theory. As the Darwinians were to find out, the biggest challenge to the 
materialist is to explain the phenomena of mind and consciousness.

It is an unfortunate effect of scientific revolutions that the ideas leading to them 
receive very little credit from the post-revolutionary generation. However, we learn 
from our mistakes, as Popper insisted. Mistakes even contribute to scientific 
progress. Lamarck’s transformism put the fixity of species under a heavy cloud of 
suspicion. His materialism was a first attempt at overcoming Kant’s explanatory 
dualism. Yet Lamarck’s transformism turned out to be an inadequate model: soft 
inheritance does not exist; nor does progressive modification. Lamarck’s trans-
formism stood in need of empirical grounding. Like geocentrism, it saved the phe-
nomena. Like geocentrism, it faced the question of reality. It happens in science 
that facts are in search of a theory. When Lamarck died there were still too many 
biological ideas in search of an anchor in evidence. In England, Eramus Darwin – 
Charles’s grandfather – and Robert Chambers – the anonymous author of Vestiges 
of Creation (1844) – promulgated evolutionary ideas. In France, Isodore Geoffroy 
Saint-Hilaire anticipated the union of empiricism and rationalism in the study of 
organic nature, later espoused by Haeckel. He defended Lamarck’s transformism 
against Cuvier’s insistence on the fixity of species. But he corrected Lamarck’s 
heavy emphasis on variability through the use of organs. The climate had to be taken 
into account. [Geoffroy Saint-Hilaire 1847; see Greene 1980, 300–1] As anatomy, 
embryology, geology, and paleontology uncovered new facts, these theoretical 
speculations began to strike roots in firmer ground.

3 Fossil Discoveries

When there are competing models vying for an explanation of the observable phe-
nomena, each model tries to accommodate the available facts. The facts do not 
come with a ready-made assignment to the right model of explanation. Facts need 
interpretation. And the models serve to put them into a coherent order. When facts 
are few and far between, it is easy for the competing models to claim successful 
accommodation. This was the case between geocentrism and heliocentrism for a 
good 50 years. But eventually new facts which sit more comfortably with one 
model rather than another will emerge. The old and the new facts will then lend 
more credibility to one model than the other. That may not be the end of the dis-
credited model, especially when new theoretical developments arrive. Yet for a 
while the victorious model occupies much of the attention. We have seen that geo-
centrism did not die a sudden death. Brahe’s observations, Kepler’s laws, and 
Galileo’s discoveries, however, made its life more uncomfortable. In evolutionary 
biology we observe a similar struggle between the old teleological view and the 
emerging mechanical view of life. The solar system cannot both be geocentric and 
heliocentric. Organic life cannot be the result of both design and “blind” chance. 
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If the planetary system is really heliocentric then a heliocentric model will be cog-
nitively more adequate than a geocentric model. If the panoply of organic nature 
formed in the absence of design, then a mechanistic model will be cognitively more 
adequate than a teleological model. If the planets orbit the sun and complex organ-
isms evolve then there should be facts that testify to these features. These facts will 
fit more elegantly into one explanatory scheme than the other. In the 50 years 
between Lamarck’s Philosophie Zoologique (1809) and Darwin’s Origin of Species 
(1859) new discoveries were emerging in diverse fields. In geology, for instance, 
the age of the Earth was gradually being extended from the miserly 6,000 years of 
the Bible to Kant’s millions and millions of years of cosmic evolution. It was dis-
covered that the rock layers contained a hidden arrow of time. The deeper the 
strata, the older the rocks. In paleontology, fossil finds added to the temporaliza-
tion of the Earth. Fossils of extinct animals, of unknown life forms, revealed the 
fauna of ancient times. For instance, an ancient creature (Archaeopteryx), an inter-
mediary between dinosaurs and birds, became the subject of intense discussions. 
This reptilia order was discovered early in the nineteenth century. But it only began 
to be properly understood in the 1860s. It was not until 1881 that Othniel Charles 
Marsh began to restore the skeletons of different dinosaur types, like the Iguanodon. 
The journal Nature printed impressive illustrations of these ancient life forms. 
[Figure 2.2] Voltaire’s objections to the Great Chain of Being at last found support 
in concrete empirical data. Comparative anatomy demonstrated the close anatomi-
cal resemblance between humans and apes. Embryology revealed surprising simi-
larities between embryos of different species in the earliest stages of development. 
[Figure 2.3]

As we are particularly interested in the philosophical consequences of scientific 
theories, we shall concentrate on the discoveries of human fossils and what they 
meant for the antiquity of humankind. Some of these findings were made well 
before Darwin’s Origin was published. We should note that the question of the 
emergence of humans is independent of the question of man’s descent from anthro-
poid apes. The debate about the antiquity of man is compatible with the view of 

Figure 2.2 Iguanodon. Source: Nature 55 [189], 463
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108 Charles Darwin: The Loss of Rational Design

special creation. The Bible’s commitment to 6,000 years of human existence could 
be reinterpreted as merely metaphorical. But the view of man’s descent from 
anthropoid apes is incompatible with the doctrine of man’s special creation. When 
these two questions of antiquity and origin are combined, they form the explosive 
mixture that scandalized the public soon after the publication of the Origin. For 
the combination makes humans subject to natural selection in much the same way 
as Kant’s weeds and caterpillars. Once Darwin’s formula of evolution, driven by 
natural selection, became available as a solution to the species problem, it deve-
loped a logic of its own. Darwin’s contemporaries were quick to extend Darwin’s 
evolutionary model from the flora and fauna to the human realm.

3.1 Of bones and skeletons

Human fossils do not exist. [Cuvier, Ansichten von der Urwelt (1822), 101, 
quoted in Rolle, Der Mensch (1870), 265]

How do you establish human antiquity in the absence of precise dating techniques? 
You make inferences. A writer in the journal Nature expressed the severest doubts 

Figure 2.3 A comparison of embryos (left to right). Top: a dog (4 weeks old); a human 
(4 weeks). Bottom: a dog (6 weeks); a human (8 weeks). Source: Haeckel [1876], Vol. I, 
306–7
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 Charles Darwin: The Loss of Rational Design 109

that “we shall ever discover the exact cradle of our race.” Still, the art of inferring 
can take us a long way. John Evans, president of the Anthropology Section of the 
British Association (1890), was confident

that from time to time fresh discoveries may be made of objects of human art, under 
such circumstances and conditions that we may infer with certainty that at some given 
point in the world’s history mankind existed (…). [Nature 42, 1890, 507; cf. Rolle 
1870, Ch. II, VI]

It may not have been possible, in the period before Rutherford’s discovery of the 
radioactive decay law (1901), to establish the exact or even approximate age of 
skeletons. But comparative estimates could at least render certain inferences more 
likely than others. Human fossil records were found among fossils of extinct ani-
mals, like the cave bear, mammoth, reindeer, and the wild horse. [Figure 2.4] Also 
found were tools and weapons, made of flint stone. This suggested that hominoid 
creatures inhabited regions of Europe that were once home to now extinct animals. 
It also suggested that the Bronze and Iron Ages had not yet arrived. Human groups 
therefore must have lived in Europe during the Stone Age. This is a more likely 
inference than Cuvier’s dictum that no human fossil remains can exist. It is more 
likely because it is more compatible with the facts. Several discoveries of human 
remains convinced many paleontologists that humans existed at a much earlier time 
than had hitherto been assumed. Philippe Charles Schmerling explored under-
ground caves near the Belgian town of Liège. He found human skulls and bones of 
extinct animals. What is more, the human skulls had a somewhat different form 
from modern humans. This was still regarded as uncertain evidence. But in the 
1840s Boucher de Perthes discovered primitive stone tools near Amiens in France 
among remains of extinct animals. Cuvier and others had already established inde-
pendently that these animal fossils belonged to what they called the diluvial period 
or Ice Age. Today this period is referred to as the Pleistocene. [See Table 2.1] 
A human skeleton discovered in the Neander valley, near Düsseldorf (Germany), has 
gained celebrity as the Neanderthal Man (1856). No extinct animal remains were 
found. But the geological strata (clay) belong to the “diluvial” period. What struck 

Figure 2.4 A drawing of a mammoth skeleton. Source: Rolle [1870], 286
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110 Charles Darwin: The Loss of Rational Design

contemporary paleontologists most then was the form of the skull. [Figure 2.5] It 
seemed to house a rather underdeveloped brain and showed strong similarities 
with the brains of anthropoid apes. (Note, however, that Neanderthal man is still 
under evaluation today.) All these discoveries were made before the publication of 
Darwin’s Origin. Toward the turn of the century, another important discovery was 
that of Java Man (1891/2), a representative of homo erectus. Java Man served as a 
candidate for the missing link. The idea of a missing link made little sense prior to 
Darwin. In the old schemes humans were either especially created or the crowning 
moment of progressive evolution. Darwin inserted human lineages into the tree of 
life. Humans became subject to descent with modification. It therefore became 
imperative to investigate the existence of early anthropoid human forms. Researchers 
had better knowledge of human ancestry before Darwin than they had of the exist-
ence of the dinosaurs.

3.2 The antiquity of man

The goal of humanity cannot lie in the end [Ende] but only in its highest speci-
men. [Nietzsche, Thoughts out of Season (1873/74), II, §9, quoted in Kaufmann 
(1974), 149)]

It was clear before Darwin that mankind’s pedigree had its roots in ancient times. 
This said nothing yet about human origins. But how long ago did these ancestral 
humans live? Researchers had no absolute measures of the ages of the Earth, only 
relative gradations. [Table 2.1] It was not clear how long ago the Ice Age had 
gripped the Earth. But there was a descending order into the past: from the Iron 
Age to the Bronze Age to the Stone Age; further, the Pleistocene, Pliocene, and 
Miocene. Again inferential practices played a major role. When human fossils were 
found with primitive stone tools and weapons, it was inferred that the early humans 
had to contend with such primitive instruments. For at later stages, bronze and iron 
tools replaced the stone tools. Hominoid finds in the presence of stone tools must 
therefore be older than hominids with more sophisticated gear. Most researchers 
placed the appearance of the earliest hominids in the Pleistocene period (Ice Age). 
In the 1860s writers were unclear about the extent of the geological ages in the 
history of the Earth, but human origins pointed well beyond the biblical limits. 

Figure 2.5 The skull of Neanderthal Man. Source: Rolle [1870], 309
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112 Charles Darwin: The Loss of Rational Design

[Rolle 1870, 159] The determination of the ages of the Earth through radioactive 
dating had not been developed. In 1868 Thomson (wrongly) estimated the age of 
the Earth as no greater than 100 million years. Only Darwin was seriously troubled 
by this estimate. Huxley and Wallace simply took the line that geology must deter-
mine the age of the Earth. And the biologist fits the tree of life into the available 
space. Global as it was, Thomson’s estimate said nothing about the geological ages 
of the Earth and their extent. Friedrich Rolle reports the finding of a human skel-
eton in the Mississippi Delta (1852–3), whose age was estimated to be 57,000 years.

The antiquity of man was a debate of central importance well before Darwin 
formulated his theory of natural selection. The empirical establishment of the 
antiquity of man showed two things: (a) Humans were much older than the biblical 
6,000 years. Hominids existed already during the 
Ice Age. There was also evidence of the migration 
of human groups into Europe. All this threw seri-
ous doubt on Cuvier’s dictum that human fossil 
remains do not exist. It also suggested that species 
could become extinct, giving way to new species. 
(In 2003 what some regard as a new human spe-
cies, nicknamed “Hobbits,” was discovered on a 
remote island in Indonesia.) Structural similarities 
between humans, hominids, and apes became a 
serious scientific topic. All these findings challenged 
the view of the fixity of species; (b) they also under-
mined the idea of progressive modification, which 
required that certain organismic types must appear 
on Earth before more complex ones can make their entry. If early humans cohab-
ited the Earth with now extinct animals, then progressive modification cannot be 
an adequate explanation. These considerations show clearly that Darwin’s revolu-
tion occurred on the backdrop of available empirical discoveries and a number of 
competing theoretical accounts. They all tried to make sense of the observations 
and discoveries.

4 Darwin’s Revolution

(…) Darwin converted evolution from speculation to doable science (…). 
[Gould, Evolutionary Theory (2002), 23]

Darwin was not the father of evolutionary theory. Evolutionary attempts at explain-
ing the diversity of life had already left their mark on the intellectual landscape of 
Europe. Lamarck’s theory had not been influential but it had not been forgotten 
either. Darwin was aware of his predecessors. In later editions of his 1859 book, 
he added a historical sketch on early nineteenth-century views of the origin of 
species by way of a preface. He finds 34 authors who expressed their belief in the 
modification of species. Darwin also made his own important observations on 

Portrait of Charles Darwin 
(1809–82)
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 Charles Darwin: The Loss of Rational Design 113

the variability of species. During his journey on the Beagle he discovered puzzling 
varieties of finches and fossil bones from large extinct mammals in Argentina. When 
he came to write his Descent of Man (1871), he made extensive use of the empirical 
material regarding the antiquity of man. This material stretches from the 1830s to 
the 1870s. Darwin was perhaps less the Copernicus than the Kepler of biology. 
Kepler accepted the Copernican hypothesis but rejected the notion of uniform 
circular motion. He used Brahe’s empirical data and his own to formulate mathe-
matical laws of planetary motion. But Kepler could not properly explain why 
planets remained in their orbits. Darwin accepted the evolutionary viewpoint. But 
he rejected the Lamarckian mechanism of the inheritance of acquired characteris-
tics. For Darwin the mechanism was natural selection. It operates on the fitness 
variations in individuals. But Darwin did not understand the genetic mechanism of 
heredity, which made the variability of individuals possible. The book in which he 
proposes his theory is called The Origin of Species. It was published on November 
24, 1859. The full title of the book is quite revealing because it expresses in a nut-
shell the gist of Darwin’s ideas: On the Origin of Species by Means of Natural 
Selection, or the Preservation of Favoured Races in the Struggle for Life.

As a historical footnote on multiple discoveries, it should be added that Darwin 
was rushed into publishing his work. He only meant it as an abstract to a fuller 
work on evolution to be written later. He was rushed into publication because he 
received a paper from a certain Alfred Wallace, in which the author presented ideas 

on evolution very similar to Darwin’s. The paper 
was entitled: “On the Tendency of Varieties to 
Depart Indefinitely from the original Type” and 
published in 1858. This alarmed Darwin because 
he had developed his theory of evolution already 
by 1838, after a five-year journey on the Beagle, 
but had never published it. Nobody likes to be 
scooped. So although Darwin was the first to pro-
pose a testable mechanism of evolution, Wallace 
arrived at the same ideas independently, but 20 
years later. Already in 1855 Wallace had published 
an article in which he related the “gradual extinc-
tion and creation of species” to gradual changes in 
the environment. [Wallace 1855] He even argued 
that geological barriers, as in the Galàpagos Islands, 
would lead to different species. Distancing himself 

from Lamarck, Wallace warned that he was not propounding a theory of progres-
sion but one of gradual change. This earlier paper presented a theory of evolution, 
but offered no mechanism by which evolution would be propelled. It was his 
1858 paper that repeated many of Darwin’s most cherished ideas. In this later 
paper Wallace insisted on the importance of the struggle for existence as a “power-
ful check on the dramatic increase of a species.” The abundance or rarity of 
species, he held, was dependent upon the more or less “perfect adaptation to 
conditions of existence.” Species face a triple challenge: food supplies, natural 

Alfred Wallace (1823–1913)
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114 Charles Darwin: The Loss of Rational Design

enemies, and climatic conditions. In this struggle, useful variations will tend to 
increase the number of individuals who possess them, while useless variations will 
tend to diminish them. If there was a difference between Darwin and Wallace it lay 
in differences of emphasis. Wallace explicitly stated that no useful inference could 
be made from domestic to wild animals. The inference from artificial to natural 
selection was one of Darwin’s most important extrapolations. Wallace was also 
more concerned with species than individuals, which preoccupied Darwin. Finally, 
Wallace excluded humans from the impact of natural selection.

4.1 The Darwinian view of life

The basic clue in the discovery of natural selection was the realization that bio-
logical groups may form populations or units of interaction in nature. [Ghiselin, 
The Triumph of the Darwinian Method (1969), 56]

A very rough and erroneous idea of the theory of evolution states that evolution is 
the survival of the fittest. It is interesting to note that Darwin, in the first edition 
of Origin, uses neither the term “evolution” nor the term “survival of the fittest.” 
It was the philosopher Herbert Spencer who associated evolution with survival of 
the fittest. Darwin had influential opponents whose interests were served by the 
association of evolution with some form of neces-
sary progress toward higher forms of life. This is a 
misunderstanding of Darwinism. There is no neces-
sary progress. But it was a certainty before Darwin. 
It was the certainty of teleology. It was the convic-
tion of design. It is this conviction that Darwin 
attacked. Yet it is rare for a scientific revolution to 
eliminate established ideas completely in one fell 
swoop. Even revolutionary ideas do not lead to an 
enthusiastic conversion, a sudden gestalt switch. 
Take for instance one of the protégés of George 
Cuvier and Alexander von Humboldt: Louis Agassiz 
(1807–73). Agassiz was born in Switzerland but 
emigrated to Boston in 1846. As professor of zoo-
logy at Harvard University, he had a formidable influence on biological thinking in 
America and a worldwide reputation as a scholar. He was regarded as the von 
Humboldt of America. He published important studies on glaciers and was one of 
the discoverers of the Ice Age. Agassiz was also an inveterate opponent of the 
theory of descent.

The species, he insisted, were “categories of thought embodied in individual living 
forms,” and natural history was ultimately “the analysis of the thoughts of the Creator 
of the Universe, as manifested in the animal and vegetable kingdom.”3

Portrait of Louis Agassiz 
(1807–73)

3 Quoted in Menand [2001], 128. For more on Agassiz, see Browne [2003]; Gould [2002]; and the 
obituary published in Nature 19 [1879], 573–6.
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Agassiz was eager to demolish the “development” hypothesis, which he saw as 
incompatible with “the great truths of morality and revealed religion.” He wel-
comed the publication of Hugh Miller’s Footprints of the Creator (1849, 1861). He 
praised it for “its successful combination of Christian doctrines with pure scientific 
truths.” [Miller 1861, 1–35; Ellegård 1958, 336–7] Agassiz wanted to restore 
design against Darwin’s mechanical conception of nature. Darwin’s contemporar-
ies found the idea of natural selection so little convincing that Lamarckian ideas of 
acquired inheritance resurfaced. Even Darwin entertained his doubts. In Descent of 
Man (1871) he expressed some regret for his earlier wholehearted rejection of 
Lamarck’s soft inheritance. He was clearly shaken by the lack of enthusiasm for his 
principle of natural selection.

Why does Darwin avoid the term evolution? As we have already seen, this term 
had strong associations with Lamarck’s progressive modification. It meant a 
progress of development from a rudimentary to a mature or complete state. The 
term also had a rather technical meaning in embryology. Albrecht von Haller, pro-
fessor of medicine and botany, had taught in the middle of the eighteenth century 
that embryos grew from preformed homunculi enclosed in the egg or sperm.

Darwin speaks of descent with modification. The driving force of descent with 
modification is natural selection. By this he means the preservation of favorable 
variations in individual organisms. If a variation is favorable for survival in a par-
ticular environment, there is a tendency for it to be preserved. Darwin observes 
that Spencer expressed the idea of the preservation of favorable variations by the 
term “survival of the fittest.” But he defends the use of his own term, although it 
seems to imply conscious choice, because it brings together the production of 
domestic races by man’s power of selection, and the natural preservation of varie-
ties and species in a state of nature. [See Crombie 1994, Vol. III, 1751]

Darwin did not think that the evolution of organic life could be depicted as a 
necessary progression from “lower” to “higher” forms. For Darwin, evolution 
just meant a better adaptation of organisms to their natural environment. During 
this process an evolution to forms of higher complexity could occur. There are 
worms and there are wombats. This could be explained by the operation of natural 
selection. Or so Darwin hoped. Evolution pursues no plans. It is not goal-directed. 
Yet, it does not proceed by blind chance. It must preserve the favorable character-
istics. It operates by cumulative selection. In the felicitous phrase of François 
Jacob, evolution is a tinkerer, not a gifted engineer.4 Predictably, the Darwinians 
faced their biggest challenge when they applied the idea of natural selection to the 
emergence of humans, creatures capable of higher forms of consciousness. The 
objection was, as we shall see, that natural selection could not explain the higher 
mental functions in human beings. The Darwinians never contested the superior 
place of humans in the scale of organic life. But it makes a fundamental difference 
whether this is understood in a spatial sense, as in the Great Chain of Being, or in 

4 Jacob [1977], 1161. Using the German expression “Handlanger,” Fritz Müller employed Jacob’s 
expression already in his “Für Darwin” [1864], 259.
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a temporal sense, as in the theory of evolution. [Wendorff 1985, 403] The theory 
of evolution therefore has significant implications for the philosophy of mind: how 
to explain the emergence of higher mental functions out of the neural activities of 
the brain.

4.1.1 Principles of evolution
Evolution proceeds like a tinkerer who for millions of years reshapes his work 
(…). [Jacob, Le Jeu des Possibles (1981), 66; translated by the author]

Before Darwin tackled the descent of man, he addressed the origin of species. 
Darwin’s title The Origin of Species is misleading. It is not the book’s intention to 
explain the origin of life at the dawn of time but how new species originate. His 
theory attempts a naturalistic explanation of the preservation and modification of 
organic beings of the recent past and present time. Instead of saying, like Lamarck, 
that the series of species tended toward some kind of perfection – culminating in 
the emergence of humankind – Darwin’s idea was that organic change leads to local 
adaptations in response to a changing environment. Adaptive responses to chang-
ing environmental conditions lead to diversity. This process may lead to evolution 
within a lineage (anagenesis) or to the splitting of a lineage (cladogenesis). Some 
creatures become more complex than others. The cranial capacity of humans 
increased dramatically as they evolved from homo habilis to homo sapiens. But this is 
not a necessary march toward perfection. An organism can lose the function of its 
eyesight, if it adapts to living conditions in dark caves. So the fittest are not the best 
in an absolute sense. They are simply organisms with the most adequate adaptation 
to a local environment. Biologists cite many examples of the modification of body 
parts: from the loss of external and internal ears to the loss of forelimbs in snakes, 
from the simplification of eyes in snakes (loss of eyelids) to the loss of eyesight in 
cave fishes. [Raff 1996, 207–9; Gould 2002, 203–4, 218–9]

To understand the main ideas of evolution, consider three levels: the level of 
species, of individual organisms, and of genes.

On the species level, Lamarck had offered a linear, progressive view of evolu-
tion. Nature brings forth an increasingly complex series of life forms. The series 
terminates in humans, the crown of creation. The Darwinians responded with a 
branching view of evolution. Survival needs push organisms into ecological niches. 
They impose constraints on their morphology and structure. The adaptive responses 
produce the colorful panoply of life.

Wallace’s focus was on the waxing and waning of species. This inspired him, 
already in 1855, to a new metaphor: the branching tree of organic life. From a 
bird’s-eye view, evolution for species means local adaptations to changing environ-
mental conditions. The result is a great diversity of species. The tree of life sprouts 
many branches and twigs. T. H. Huxley, an early master of the popularization of 
science, captured the essence of the change in a metaphor:

Instead of regarding living things as being arranged like steps on a ladder, modern 
investigations compel us to dispose them as if they were the twigs and branches 
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of a tree. The end of the twigs represents individuals, the smallest groups of twigs 
species, larger groups genera; the main branch is represented by a common plan of 
structure. [Huxley 1888, 300]

The more species diversify, the more they exploit what local ecological niches 
offer in terms of resources. The environment acts as a constraint. The Kuala bear is 
an extreme form of diversification, as it only relies on one food source. This study 
of the diversification of species is called macroevolution. On this level, evolution has 
two essential properties: (a) speciation: the splitting of lineages and the evolution 
of new species;5 (b) the morphological divergence of lineages: species change their 
appearance and internal structure until they are unable to interbreed. It is this 
process that Darwin dubbed descent with modification. It is the subject of the only 
tree diagram in his Origin. Following these leads, one of Darwin’s staunchest 
German allies, Ernst Haeckel, introduced genealogical trees, to represent descent 
with modification. [Figure 2.6]

But let us leave the bird’s-eye view and descend to the level of the individual 
organism. How does evolution look from this point of view? On this level, a 
struggle for life rages. To explain this struggle for life, Darwin introduces some 
explanatory principles. First, many more individuals are born than can possibly 
survive.6 They differ from their parents by slight variations. This is the principle of 
hereditary, isotropic variation. Among the offspring some will be born with 
favorable variations, others with injurious variations. Any given environment can 
support only a limited number of individuals of a particular species. This has the 
effect that a constant struggle for survival ensues. In a given environment, indi-
viduals with a slight advantage over others have the better chance of surviving and 
of procreating their kind. Individuals with variations in the least injurious would 
tend to be eliminated. This is the principle of natural selection: preservation of 
favorable variations and rejection of injurious variations. Most adaptations follow 
from the struggle for life: not only the survival of the individual but also success at 
leaving progeny. “You cannot get adaptive complexity without natural selection.” 
[Ruse 2003, 333]

We have so far descended from the evolution of species down to the survival of 
individuals. If it is true that some individuals are born with favorable and others 
with less favorable characteristics, it is natural to ask: “What causes these variations 
in individuals?” The modern answer is: random genetic mutations. This allows the 
identification of a third level, the level of genes.

5 See Raff [1996], 59; Mayr [2001], Part III; Ridley [1997], Part E. There are two main types of 
speciation: allopatric speciation (due to geographical isolation) and sympatric speciation (due to non-
random mating or mate preference), see also Williams [1973].
6 Modern biologists make a distinction between reproductive success – producing offspring – and 
genetic success (genetic survival beyond any individual’s lifetime): success of getting one’s genes into 
future generations. The overall ability of an individual to get genes into future generations is termed 
inclusive fitness. The evolutionary process that maximizes the ability to treat others according to their 
genetic similarity to oneself is termed kin selection. See Williams [1996], 43–7, 47–51 for this termino-
logy and a special example referring to bees.
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These three levels provide the units of evolution, selection, and variation. 
[Figure 2.7]

● Species are the unit of evolution.
● Individual organisms are the unit of selection.
● Genes are the unit of variation.

Darwin could offer only speculations regarding the unit of variation. He often 
speaks of “our” ignorance of the cause of each particular variation (in individuals). 
Darwin had no knowledge of Mendel’s laws but he suspected that “disturbances in 

Figure 2.6 A genealogical tree of life. Source: E. Haeckel, Last Words on Evolution 
[London 1910], 32
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the reproductive system,” as he put it, chiefly contribute to the varying or plastic 
condition of the offspring. [Darwin 1859, 173]

According to Darwin, the process of evolution is an immeasurably slow affair, 
which leads to minute, imperceptible modifications. This is often called gradualism. 
(Gould [2002] discusses and criticizes Darwin’s commitment to gradualism.)

I cannot see any difficulty in natural selection producing the most exquisite structure, 
if such structure can be arrived at by gradation. [Darwin 1859, 435, 153]

Natural selection can also prevent the slow modification of species over thou-
sands of generations. Natural selection then “culls departures from the currently 
optimum development” of the organisms’ features. For instance, Herman Bumpus 
found in 1899 that sparrows whose wings deviated from the norm were more 
abundantly killed in a storm than those with average wingspans. The advantage 
of having intermediate character development (wing length, coloration) is called 
normalizing or stabilizing selection. [Williams 1996, 32–4]

4.2 The descent of man

Man is more like a gorilla than a gorilla is like a lemur. [Huxley, Collected 
Essays, II: Darwiniana (1907), Essay II, 61]

We have already mentioned the discovery of human fossils. This was in connection 
with the question of human antiquity. Darwin’s work replaced the age-old need 
for teleology with the mechanism of natural selection. There is only one sentence 
in the Origin where Darwin mentions humans: “Light will be thrown on the 

Figure 2.7 Three levels of evolution
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120 Charles Darwin: The Loss of Rational Design

origin of man and his history.” [Darwin 1859, 458] Twelve years after the publica-
tion of the Origin he finally tackled the question of man’s origin in a book called 
The Descent of Man (1871). But Darwin’s contem-
poraries did not wait that long. As soon as Darwin 
had published his original idea, which coupled the 
idea of evolution with the mechanism of natural 
selection, his contemporaries were quick to draw 
inferences to the origin of humans. During the 
1860s a number of important texts spelled out 
what in the popular press was traded as the ape 
theory. The year 1863 saw the publication of 
Thomas S. Huxley’s Evidence as to Man’s Place in 
Nature and Charles Lyell’s The Geological Evidences 
of the Antiquity of Man. It was followed by Edward 
Tyler’s Researches into the Early History of Mankind 
and the Development of Civilization (1865), and 
later his Primitive Culture (1871) and Anthropology 
(1881). On the Continent, Friedrich Rolle pub-
lished Der Mensch, seine Abstammung und Gesittung 
im Lichte der Darwin’schen Lehre (1865, 21870). The book presented the series of 
human fossil discoveries and defended the Darwinian view of the descent of 
humankind from earlier anthropoid forms. Karl Vogt published his Vorlesungen 
über den Menschen (1863), translated as Lectures on Man [1864]. Vogt explained 
the origin of races by relating their descent to different anthropoid ancestors. 
Most Darwinians rejected this polygenetic view. They saw all races as originat ing 
from the same common ancestor. [Browne 2003; Scientific American 289, 2003, 
50–7; Menand, 2001] Ernst Haeckel published his two-volume Generelle 
Morphologie der Organismen (1866), followed by Natürliche Schöpfungsgeschichte 
(1868). Haeckel was one of the most determined and ardent defenders of the 
Darwinian faith. He combined scientific acumen with philosophical insight. He 
turned Darwinism into a worldview. What is important about this flood of publi-
cations on the question of human origins is its anchorage in the Darwinian theory. 
As we have already observed, the questioning of the biblical chronology did not 
pose a real threat to the orthodox view. Six thousand years did not matter, literally. 
It may be a metaphorical time scale. What mattered were fundamental presupposi-
tions, inherited from the Great Chain of Being and the design argument. Humans 
were distinctly, manifestly different from other animals. Their origin could not 
have the same roots. But Darwin’s descent theory opened a conceptual space 
in which the question of human origins could be linked to the mechanism of 
natural selection.

The question of human origins was extremely sensitive, since there had been a 
long tradition of assuming man’s uniqueness. This assumption was not tied to a 
non-evolutionary model. It was based on teleology. It was already difficult to ima-
gine that the human brain should have evolved in the same manner as other 
“organs.” The existence of the human mind and the phenomenon of consciousness 

Julia Pastrana, the “gorilla 
woman,” was a curiosity of 
the 1860s. Darwin did not 
regard her as proof of the ape 
ancestry of humans
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seemed forever removed from the reach of naturalistic explanations. Just as it had 
appeared natural to the Greeks to assume a unique position of the Earth, so 
it appeared natural to most pre-Darwinian biologists to assume a unique position 
of humans in the story of creation. There was a great unwillingness to accept con-
tinuity between all creatures. Pre-Darwinian thinkers were as much preoccupied 
with saving the phenomena as Greek astronomers. What was needed to break this 
spell was a switch of perspective. Copernicus had told his incredulous contempo-
raries to contemplate the dance of planets and stars from the perspective of a spin-
ning, not a stationary Earth. From an evolutionary perspective, the Darwinians 
recommended a consideration of the human brain as a natural organ, the seat of 
the human mind.7 Do not look at human intelligence from a divine perspective, 
envisage it as a product of evolution.

It is natural to object that the human brain is far superior to any other “organ” 
and therefore cannot be the result of evolution. It is not adapted in the sense other 
“organs” or “organisms” are adapted. Just compare the human hand and the 
human brain, Wallace admonished his readers. Wallace adopted a dualist viewpoint, 
reminiscent of Tycho Brahe. Brahe could not accept the loss of physical centrality 
of the Earth, which follows from Copernicanism. He kept the Earth in its central 
Aristotelian position and made the moon and the sun orbit the central Earth. The 
other planets, however, spin in orbits around the sun. Wallace submitted the human 
body to the workings of evolutionary principles. For the creation of the human 
mind he stipulated a divine source. The Darwinians wanted to jettison such a two-
sphere view as much as the Copernicans rejected the two-sphere universe. If 
humans must trace their origins to earlier animal forms of life, then the emergence 
of both brains and minds must yield to evolutionary explanations. This was again a 
question of inference.

It was of course easier to begin with the human bodily frame. And this is where 
the Darwinians started. An earlier generation had already inferred the antiquity of 
human life on Earth. The challenge now was to establish continuity between the 
bodily frames of humans and anthropoid apes. Once this was established an expla-
nation could be attempted, which treated the human mind as emergent from 
the human brain. Thus the Darwinians moved from biology to philosophy, from 
evolution to the philosophy of mind.

The general strategy was to stress the continuity between the animal and the 
human world. At that time no genetic studies were available to inform us that 
humans and chimpanzees share 95 percent of their genetic material. For the 
Darwinians, embryology, anatomy, and paleontology carried the same message. 
The study of embryos of different species revealed that at least during the first 
phase of their development it was hardly possible to distinguish a human from a 
chicken. [Figure 2.3] Anatomy informed the Darwinians about the similarities 
in bodily structure between humans and other primates. From head to toe, the 

7 Tylor [1881], Chapter II characterizes the brain as the organ of mind. See also Nature 16 [1877], 
21 [1879–80], 22 [1880], 29 [1883–84].
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skeletons of humans and monkeys revealed surprising similarities. The patterns of 
convolutions in the brains of humans and anthropoid apes are the same, so are 
muscle dispositions in the foot. [Figure 2.8] The disposition of abdominal organs 
is similar. There is a close resemblance in molar teeth.

Research on the question of human antiquity had already revealed fossils like 
the Neanderthal Man, which differed from the appearance of modern humans. 
Darwinism now put a heavy emphasis on historical narratives. As organisms, accord-
ing to Darwin’s evolutionary view, are related by 
descent, it was not a far-fetched conclusion to infer 
from anatomical similarities to common descent. 
The study of life in the geological past revealed 
descent with modifications. In his Man’s Place in 
Nature (1863), Huxley drove this point unmistak-
ably home, when he illustrated the anatomical rela-
tionship between various primates. His sketch 
compares the skeletons of gibbon, orang, chimpan-
zee, gorilla, and man. [Figure 2.9] The point about 
such detailed studies was to find evidence in favor 
of the descent theory. It was also a way of bringing 
the creation scenario into disrepute. The descent 
theory claimed that it could account for all these 
phenomena with one explanatory principle. The principle of natural selection 
brought about unification. The Darwinians were keen to stress that the cerebral 
capacity of humans was not so very different from that of animals. It was a differ-
ence of degree, not a difference of kind. At the end of the nineteenth century many 
books addressed the question of animal intelligence. Lauder Lindsay published 
Mind in the Lower Animals (1879). George Romanes published his Mental 
Evolution in Animals (1883). R. C. Lloyd Morgan offered his views in Animal Life 
and Intelligence (1890–1). The journal Nature opened its pages to amusing anec-
dotes, apparently demonstrating animal cleverness. [Nature 29 [1883–84], 336; 
see Box 2.2]

Figure 2.8 A comparison of the foot and hand of man and chimpanzee. Source: Tyler, 
Anthropology [1881], p. 42

Portrait of Thomas Huxley 
(1825–95)
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It was one of the recurring charges of the Darwinians that the creation theory 
needed to appeal to numerous acts of special creations to account for the diversity 
of life. “I disbelieve in innumerable acts of creation,” Darwin declared. Organisms 
have many features some of which are not adaptations and do not promote survival 
directly. He postulates another type of selection – sexual selection – which does not 
depend on a struggle for existence but on a struggle for possession of the females. 
[Darwin 1859, 136; Darwin 1871, Ch. 8] Darwin explained the origin of features 
that appeared to be irrelevant or harmful in the struggle for existence – antlers of 
deer, feathers of peacocks – as devices for increasing success in mating:

Figure 2.9 The anatomical relationship between gibbon, orang, chimpanzee, gorilla, and 
man according to T. H. Huxley. Source: Tyler, Anthropology [1881], p. 39

Box 2.2 Animal intelligence
A certain F. J. Faraday, of Manchester, offered the following anecdotes to 
readers of Nature as evidence of animal intelligence.

A fish, unable to seize a morsel of food lying in the angle formed by the 
glass front and bottom of the tank, raised himself into a slanting posture, the 
head inclined upwards and the under surface of the body towards the food, 
and, by waving his fins, caused a current in the water which lifted the food 
straight to his mouth.

A bun was thrown into a pond, and fell at the angle beyond the reach of 
the bear. The animal thereupon commenced stirring the water with its paw, so 
that it established a sort of rotatory current, which eventually brought the bun 
within reach.
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When males and females of animals have the same general habits of life, but differ in 
structure, color or ornament, such differences have been mainly caused by sexual 
selection. [Darwin 1859, 137; Gould 1987, 46]

Although Darwin thought that sexual selection was a process separate from 
natural selection, many modern biologists regard it as a special category of selec-
tion for social status. It is a kind of natural selection. [Williams 1996, 28–31] 
Darwin also holds that natural selection is the main but not the exclusive means of 
modification. [Darwin 1859, 69] This observation shows its true significance in 
Darwinian explanations of mental matters.

Thus we see the Darwinians simultaneously engaged in science and philosophy, 
in matters of biology and matters of philosophy. For it is not enough for a scientist 
to collect empirical data. The data have to be put into a coherent order. As the 
Darwinians were fully aware, their evolutionary view of life faced rivals. Lamarck’s 
linear view of evolution with its insistence on inheritance of acquired characteris-
tics had never held much sway. True, it rejected the constancy of species. Yet, it 
was committed to teleology, which it shared with creation scenarios. Creation 
theories had no truck with the variability of species. Even though the idea of evo-
lution became generally acceptable, Darwin’s principle of natural selection 
remained controversial. In 1859 Darwin’s book entered a conceptual landscape 
which sustained several rival conceptions of the origin of species, all tottering on a 
rather thin empirical base. Darwinism needed both empirical and philosophical 
support. Let us turn to the philosophical matters to show that Darwinism inher-
ited from the philosophical tradition certain presuppositions. This earned it accu-
sations of disrespect for established scientific methods, of materialism and 
immorality.

5 Philosophical Matters

All true science is philosophy and all true philosophy is science. In this sense all 
true science is natural philosophy. [Lamarck, Zoological Philosophy (1963), 
Chapter II, 33; translated by the author]

Einstein once said that science without philosophy is muddled, and philosophy 
without science is an empty scheme. This may at first glance be a surprising state-
ment. We are used to thinking of science and philosophy as two separate domains. 
It is true that much of what we call science today was once called natural philoso-
phy. The term “science” came into current usage at around the time of Darwin’s 
revolution. Since then the increasing specialization in all areas of knowledge has led 
to the erection of boundaries between the disciplines. Philosophers, especially in 
recent times, have sought a rapprochement with the sciences and created disci-
plines like the philosophy of science, the philosophy of physics, the philosophy of 
biology. But the fact is that scientists have often been interested in philosophy. 
This is especially true of great scientists whose innovations have led them to a 
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consideration of the philosophical consequences of scientific discoveries. There 
have been so many that we may rightfully suspect that a scientist’s philosophical 
penchant is more than a hobby. There must be some dimension in the very activity 
of science that tempts scientists to think philosophically. The general answer, which 
is spelt out in the three chapters of the book, is that the sciences do not only operate 
with specialized mathematical techniques but also have recourse to quite funda-
mental concepts, which help to build a consistent, coherent theory of a particular 
realm of phenomena. These may take the form of unspoken assumptions about the 
nature of reality or the nature of theories. But often scientists make their philo-
sophical presuppositions quite explicit. What is more, these presuppositions are so 
general that they have a transdisciplinary status. It is therefore possible to find 
philosophical issues like chance and necessity, materialism and mechanism, being 
and becoming, time and space, in the discussions of physicists, biologists, and social 
scientists alike. These issues are typically also of great concern to the philosopher. 
In attempts to clarify such fundamental notions, the philosopher meets the scien-
tist on common ground. As we shall see in the following sections, fundamental 
philosophical presuppositions were made in the realm of evolutionary thinking. 
A consequence of Darwin’s new view of organic life was that such philosophical 
presuppositions dropped sometimes from the thin air of philosophical abstraction 
onto the hard ground of empirical science. Often a revolution in thought leads to 
a questioning of philosophical presuppositions. This is what Einstein meant. Science 
is muddled if it remains unclear about its philosophical commitments toward real-
ism and the scientific method. Philosophy needs science to throw an anchor into 
the real world. Philosophy needs to embrace the results of science to prevent her 
from turning on empty wheels. [Weinert 2004]

5.1 Philosophical presuppositions: Mechanical worldview, 
determinism, materialism

For my own part I would as soon be descended from that heroic little monkey, 
who braved his dreaded enemy in order to save the life of his keeper, or from that 
old baboon, who, descending from the mountains, carried away in triumph his 
young comrade from a crowd of astonished dogs – as from a savage who delights 
to torture his enemies, offers up bloody sacrifices, practices infanticide without 
remorse, treats his wives like slaves, knows no decency, and is haunted by the grossest 
superstitions. [Darwin, Descent of Man (1871), Pt. II, Ch. XXI, 404–5]

We saw that Darwin’s evolutionary theory entered an empirical space in which the 
fossil records told a revised story of human antiquity. To demonstrate human antiq-
uity and common descent, researchers relied on evidence from embryology, com-
parative anatomy, and paleontology. During his voyage on the Beagle Darwin 
added a fair amount of observations about the geological distribution and the 
diversity of species. The factual material was still weak enough to permit the coex-
istence of several conceptual schemes. There were the creation scenarios with their 
belief in the fixity of species (Cuvier, Agassiz).
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There were also several evolutionary scripts (Lamarck, Saint-Hilaire, Vestiges of 
Creation), whose most progressive element was the variability of species. They 
struggled, however, to propose a credible mechanism that could explain the diver-
sity of species.

With his proposal of natural selection, Darwin made an important step in the 
right direction. But the cause of hereditary variation remained a puzzle. Spontaneous 
mutations attracted much attention in the literature. [See Box 2.3]

These various empirical and conceptual strategies occurred on the background 
of a philosophical canvas that had been painted by the Enlightenment. So it is no 
surprise to find the Victorian age imbued with three philosophical commitments: 
the first is the mechanical worldview; the second is determinism; and the third is 
materialism. There is no need for us to search for subterranean channels that 
would link Victorian science with Victorian philosophy. The philosophical presup-
positions are embedded in the writings of Victorian scientists. They inherited them 
from the philosophical tradition.

1. In 1829 Thomas Carlyle dubbed the nineteenth century the Age of Machinery. 
[Carlyle, Signs of the Times (1829), quoted in Bachmann 1995, 11] This epithet 
struck a chord for at the end of the century Haeckel opposed “our naturalistic cen-
tury” to the earlier “anthropistic centuries.” Steam engines and electricity had given 
the nineteenth century a “machinist stamp.” [Haeckel 1929, 279, 307; italics in 
original] The commitment to the mechanical worldview had been inherited from the 
Scientific Revolution and the Enlightenment. According to the founding fathers of 

Box 2.3 The puzzle of genetic mutations
One of the central insights of Darwinism, as has repeatedly been pointed out 
by Ernst Mayr, is population thinking. Species are not to be thought of as 
Platonic types but populations of individuals. [See Mayr 2001; Ghiselin 1969, 
56; Büchner 1868, 1. Vorlesung.] These individuals differ slightly from each 
other and the parents differ from their offspring. This enables some of the off-
spring to be better equipped than others. There is much talk in the literature 
of Gratio Kelleia, a Maltese who was born with six fingers and six toes. [See 
T. H. Huxley, Collected Essays II (1907), 37, 406; F. Rolle 21870, 82–4, 102–3] 
He married a woman with the ordinary number of fingers and toes. The cou-
ple had four children. Their first child was born with six toes and six fingers, 
like his father. The third child was normal, like the mother. The other children 
had five toes and fingers but their limbs were slightly deformed. When these 
children became adults and married, they again produced children, some of 
whom had six toes and fingers and others only the normal five.

Darwin [Nature 24, (1881), 257] discusses the case of an American gentle-
man who began to turn gray at the age of 20. When he married he had four 
daughters, two of whom also began to turn gray at the same age as their 
father, while the others kept their mother’s dark hair.
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science, the physical world consists of matter and 
motion. Robert Boyle called this the corpuscular 
worldview. This accounted for all natural phenomena 
by reference to the laws of motion, which operated 
between the smallest units of matter, atoms or cor-
puscles. [See Ch. I. 5]

2. The commitment to determinism also stemmed 
from the Scientific Revolution. In the philosophical 
literature, determinism is often characterized as a 
belief in the strict predictability of natural pheno-
mena from the knowledge of deterministic laws and 
initial conditions. Its enduring image is the Laplacean 
demon, whose gaze over cosmic history reveals the 
dynamic state of all events, past and future, as if they 
were beads on an infinite string. Closer inspection 

shows that the Laplacean demon also embraces an ontological notion of deter-
minism. The Laplacean demon can predict and retrodict cosmic history, because 
cosmic events are locked into a unique chain of prior causes and posterior 
effects. No chance events happen. Yesterday’s causal events lead to today’s effects, 
which become the cause of tomorrow’s effects. [Weinert 2004, Ch. 5] This com-
mitment to ontological determinism is reflected in the writings of physicists 
and medical practitioners as much as in the pages of biologists. According to 
Ernst Haeckel,

the science of evolution made it clear that the same eternal iron laws that rule in the 
inorganic world are valid, too, in the organic and moral world. [Haeckel 1929, 285; 
1866, Ch. IV; 1878, 509]

This was a view that Huxley shared.8

We should note in this connection that Darwin shared the commitment to materi-
alism but not to strict determinism. Evolution is a stochastic process, in which con-
tingency rather than necessity is the order of the day. The principle of natural selection 
acts on isotropic variation. It tends to select favorable variations and to weed out 
unfavorable variations. This should not be misread as blind, random chance. Evolution 
must preserve and accumulate favorable variations. But an organism’s fate is always at 
the mercy of random genetic mutations and environmental constraints. Evolution 
acts in a strictly local context, which is shaped by a changing environment. Darwin 
left his readers in little doubt about the contingency of evolution:

I believe in no fixed law of development (…). The variability of each species is quite 
independent of that of all others. Whether such variability be taken advantage of by 

8 Huxley [1862], 288; in another passage, Huxley claimed that “the fundamental axiom of scientific 
thought is that there is not, never has been and never will be, any disorder in nature,” quoted in 
Ellegård [1958], 183.

Ernst Haeckel (1834–1919)
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128 Charles Darwin: The Loss of Rational Design

natural selection, and whether the variations be accumulated to a greater or lesser 
amount (…) depends on many complex contingencies … [Darwin 1859, 318; 
Dennett 1995, Ch. 10]

3. The Darwinians were thus committed to materialism, again a heritage of the 
Scientific Revolution. This commitment became particularly trenchant when 
Darwin’s evolutionary model was applied to the appearance of humans on Earth. 
Darwin’s contemporaries found it especially difficult to accept the earthly, common 
descent of man. It was held that Darwin’s transmutation theory was based on 
“supposititious” facts. Worse still, it committed a heresy against Christianity and 
the immortality of the soul. Darwin’s work was dangerous because it eliminated 
the need for special design.9 Why did they feel such revulsion when materialism had 
been a venerable theme among the Enlightenment philosophers? [LaMettrie 1747; 
Helvétius 1758]

Lamarck, too, was a materialist. In his Philosophie Zoologique he argues that

all the faculties without exception are purely physical, i.e. each of them is essentially 
due to activities of the organization, from humblest instinct to intellectual faculties.

As Lamarck admits, materialism faces the objection that the connection between 
brain and mind cannot be understood.

What is the mind? It is a mere invention for the purpose of resolving the difficulties 
that follow from inadequate knowledge of the laws of nature. Physical and moral have 
a common origin; ideas, thought, imagination are only natural phenomena. [Lamarck 
1809, Part II, Introduction; Lange 1873, Part III, I]

The French materialists went much further than Descartes. In his Traité de 
l’Homme (1664), Descartes had already examined the human body as an earthly 
machine. But this seemed to belittle the superiority of the human mind. Descartes’s 
solution was substance dualism. The body was an extended, physical substance. 
The mind was an immaterial substance, connected to the human body through the 
pineal gland. Blood flows in the veins. When it reaches the brain, it turns into 
animal spirits. The animal spirits are able to move the limbs. Mind and body inhabit 
separate worlds. They are connected through mysterious fluids. Descartes’s philo-
sophical heirs were not content with his dualist solution. Mental phenomena also 
had to yield to a mechanistic explanation. The French materialists did their best to 
account for all mental processes as manifestations of physical processes.

The biggest challenge to the materialist is to explain the phenomena of mind and 
consciousness. Are mind and brain identical? Is the mind a mere epiphenomenon? 
Do mental processes emerge from brain processes? Such philosophical questions 

9 See Mrs. Miller’s Preface in H. Miller’s Footprints [1861]. This was not an isolated view. The litera-
ture at the time speaks of the general impression among the public that Darwin’s view was an affront to 
morality and religion; see Jaeger [1869], Chs. I, IV; Braubach [1869], 17–18; Nature 28 [1883].
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are a direct consequence of the commitment to materialism, which most Darwinians 
endorsed. Once they had accepted the mechanism of natural selection, which uni-
fied many diverse phenomena, they were loath to reintroduce a dualistic solution 
for the purpose of solving the puzzle of the mind. The emergence of the human 
body could be traced to the mechanism of natural selection. If the mind were 
exempted from the realm of evolutionary explanations, design and teleology would 
be reintroduced. The Darwinians were too committed to materialism to leave a 
loophole for mind–body dualism. In embracing a materialist theory of the mind, 
they were obliged to move from evolutionary biology to the philosophy of mind.

5.2 From biology to the philosophy of mind

Man still bears in his bodily frame the indelible stamp of his lowly origin. 
[Darwin, Descent of Man (1871), Pt. II, Ch. XXI, 405]

With the publication of Darwin’s Origin the issue of the origin and nature of 
humanity suddenly acquired a new theoretical framework. Darwin’s famous prom-
ise that light would be thrown on human origins10 was immediately taken up by a 
number of researchers who attempted to provide an answer in terms of natural selec-
tion. When Darwin finally published The Descent of Man (1871) he was not entering 
an uncharted terrain. As we have already seen, Haeckel, Huxley, Lyell, Rolle, Tyler, 
and Vogt had already spelled out the lessons of applying natural selection to the 
appearance of humans on Earth. Any application of the theory of natural selection 
to the origin of mankind has to grapple at least with two issues. First, there is the 
empirical challenge of placing the origin of humans within the realm of the organic 
order. Second, there is the philosophical challenge of accommodating man’s superior 
mental and moral faculties within the evolutionary framework. Until Darwin’s 
Descent these attempts were undertaken without a major change in the fundamental 
philosophical presuppositions of determinism, materialism, and mechanism.

5.2.1 Empiricism The most important empirical argument in favor of placing 
human origins in the animal world lay in structural similarities. In the 1860s the 
argument from similarity had to rely on embryology, comparative anatomy, and 
paleontology. Researchers undertook painstaking anatomical comparisons, espe-
cially between the skeletons of old-world monkeys and humans. Friedrich Johann 
Blumenbach (1752–1840) named monkeys Quadrumana: four-handed creatures, 

10 Darwin [1859], 458. The evolutionist, materialist explanation was fiercely resisted in some quarters. 
But the literature of the period from 1859 to 1871 also testifies to numerous cases of rapid endorse-
ment of the Darwinian cause. In order of national impact, Darwinism had its greatest effect in England 
and Germany, its least in France. And some of the most advanced men of science, like E. Haeckel and 
T. H. Huxley, lent their intellectual support to the evolutionary theory. This observation throws some 
welcomed doubt on Max Planck’s often-quoted comment that a revolutionary idea gains acceptance in 
science not because of the conviction but the death of its critics. See Planck [1933], 275. It was T. S. 
Kuhn who made this quote famous. [Kuhn 1970, 151] It is as little true of the early reception of 
Darwinism as it is of the early reception of the Special theory of relativity.
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and humans Bimana: two-handed creatures. This distinction was popular until 
Huxley showed it to be inadequate. But the resemblances between their body 
plans, extremities, and skulls were plain to see. [See Figures 2.8–2.9]

The antiquity of man and his close structural similarity with the ape was estab-
lished. Once the principle of natural selection became available, the hypothesis of 
man’s descent from the ape was a natural corollary. But which form did this descent 
take? Lamarck had already offered his theory of progressive modification, which 
defined man as the crowning moment of linear evolution. Man therefore appears 
as the most complex and highest form of life. Lamarck then proceeds to compare 
the perfection of humans with the graded imperfection of lower organic forms. 
However, the fossil records did not speak in favor of progressive modification. 
Although Huxley and Haeckel rejected the Lamarckian theory of progressive mod-
ification through use-inheritance, they both considered some form of direct descent 
of man from lower organic forms. According to Huxley, it is plausible that man 
may have originated by the gradual modification of a man-like ape:

But if Man be separated by no greater structural barrier from the brutes than they are 
from one another – then it seems to follow that if any process of physical causation can 
be discovered by which the genera and families of ordinary animals have been pro-
duced, that process of causation is amply sufficient to account for the origin of Man.11

In an address to the French Association of Science (1878), Haeckel dismissed 
the popular misunderstanding, which stemmed from the association of Darwinism 
with the “ape theory”: the belief of man’s direct descent from existing anthropoid 
apes. The more accurate picture was that “man and the apes of the Old and New 
World are descended from a common ancestor.” [Haeckel 1878, 509; see Figure 2.9] 
But in a popularization of his philosophy – Monism – Haeckel advanced a more 
radical claim. It is an “incontestable historical fact”

that man descends immediately from the ape, and secondarily from a long series of 
lower vertebrates. [Haeckel 1929, 69]

In Huxley we find a similar vacillation. On a more cautious note he considered 
that

man might have originated (…) as a ramification of the same primitive stock as those 
apes. [Huxley 1863a, 125]

The sobering thought that man may have descended directly from the apes was 
grist to the mill of Darwin’s friends and foes. Many heated exchanges at the time 
fed on the mistaken assumption of anagenesis: man had evolved out of existing apes. 
Haeckel uses it to shock his audiences into humility. Even today a picture of a mas-
sive gorilla menacingly staring out of a poster, bearing the rhetorical title: “Is this 

11 Huxley [1863], 125; Huxley [1864], 151 also states: “There is nothing in man’s physical structure 
to interfere with his having been evolved from an ape.”
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your granddad?” exploits the linearity to ridicule the Darwinian view of descent. 
[See also Figure 2.1]

In his more radical mood, Haeckel attributes to Darwin and Huxley the view of 
man’s direct descent from the apes. But Darwin was as circumspect as Huxley. In 
his Descent of Man (1871) he staggers toward the image of commonality of descent. 
Within the span of a few pages in this long book, he speaks of man as descending 
from some lower form (1871, Pt. I, VI, 185), as the co-descendant with other 
mammals of some unknown or lower form (1871, 186), as having diverged from 
Old World monkeys (1871, 199, 201). Then, finally he suggests the image of 
branching. [Figure 2.10]

Figure 2.10 Haeckel’s Pedigree of Man (1874) illustrates the idea of “branching” 
evolution. Source: Wikimedia
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132 Charles Darwin: The Loss of Rational Design

The Simiadae then branched off into two great stems, the New World and Old World 
monkeys; and from the latter, at a remote period, Man, the wonder and glory of the 
universe, proceeded.12

But even if we accept the branching idea – not that humans descended directly 
from the ape but that both share a common ancestor – a formidable stumbling 
block remained. Even the staunchest materialist cannot deny the intellectual gulf 
between men and brutes. Man’s mental and moral faculties are far superior to the 
apes’. So man cannot have descended from the ape. It became a major challenge to 
Darwin’s supporters to explain the appearance of mental and moral abilities within 
the limits of natural selection and materialism.

5.2.2 Philosophy of mind
Survival of the fittest led to survival of the brainiest. [Nozick, Invariances 
(2001), 296]

Many pre-Darwinian materialists had faced up to this philosophical challenge. They 
rejected Cartesian dualism. Just like Lamarck, they accepted a thoroughgoing 
materialism. Following a long tradition in French philosophy, Paul Thiry d’Holbach 
treated man as a machine. From this assumption he derived the conclusion that the 
intellectual capacities and moral properties of human beings must be derived from 
the same material causes that also affect the human body. [D’Holbach 1770/1978, 
110] D’Holbach fully embraced the consequences of his materialism. Humans have 
no reasons to consider themselves privileged creatures in the order of nature. 
[1770, 81] Man is not the final purpose of creation. [1770, 452] Others could not 
bring themselves to accept such a radical conclusion. Alfred Wallace, the co-discoverer 
of the principle of natural selection, became increasingly dissatisfied with the ability 
of this principle to account for the essence of humanity. He was tempted by design 
arguments. He accepted as an established fact the antiquity of man. He saw the 
human body as having emerged from some primitive ancestor. But he could not 
accept that the human mind was the result of natural selection. In human con-
sciousness and moral probity, Wallace detected evidence of design. Soon he added 
man’s naked skin, his hands, feet, and voice as further manifestation of intelligent 
design. In some of his last writings he claimed that “life on Earth culminates in 
man” and “his existence was the purpose of the universe.” [Wallace 1903; 1891] 
Wallace reverts to the Cartesian mind–body dualism. In his apelike state, man was 
subject to the forces of natural selection. But then, in the distant past, a revolution 
occurred. It brought forth a creature with a mind and blessed with consciousness. 

12 Darwin [1871], Pt. I, 213. But this terminology was so little fixed that the idea of branching also 
appears in Lamarck 1809, 37: “I do not mean that existing animals form a very simple series, regularly 
graded throughout; but I do mean that they form a branching series (série rameuse), irregularly graded 
and free from discontinuity, or at least once free from it.” For Lamarck this branching is the unavoidable 
result of environmental interferences with the ideal, necessary progressive evolution of the tree of life. 
For Darwin, branching is a contingent event.
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Man’s bodily development ceased. His ascent was henceforth focused on the 
blossoming of his mental capacities. Natural selection shifted to cultural selection, 
in which superior races will replace inferior races. The mental abilities of man far 
exceed what would have been useful for his survival.

Natural selection could only have endowed savage man with a brain a few degrees 
superior to that of an ape, whereas he actually possesses one very little inferior to that 
of a philosopher. [Wallace 1870, 202, cf. 1891, 474]

Wallace therefore concludes that a superior being must have guided the “develop-
ment of man in a definite direction.” [Wallace 1870, 204]

But a materialist explanation of mental functions cannot reach for supernatural 
causes. They would constitute a breach of determinism, which for almost all 
nineteenth-century scientists presented a unique chain of physical events stretch-
ing from the past to the future. They would also constitute a breach of materialism, 
for they run counter to the reduction of the mental to the physical. On the basis of 
these presuppositions the materialist must seek a plausible explanation of mental 
functions, without falling outside the scope of the set limits. The materialists were 
keen to avoid dualism. The pages of Nature reflect again the progressive thinking 
of the day. George Henry Lewes published The Physical Basis of Mind (1877), 
in which he proposed the view that the mental and neural processes are simply dif-
ferent aspects of the “same” reality. But the Darwinian materialists had lost some 
of the confidence of their French predecessors. The emphasis was on Mind and 
Matter, that is, the dependence of consciousness on the nervous organization. 
Huxley hypothesized that “molecular change in the nervous system causes states of 
consciousness.” Yet it remained a puzzle, he continued, “how consciousness and 
material organism are related.” [Huxley 1874, 365; cf. Nature 15, 1876–7, 78–9] 
How should this puzzle be approached? First, the similarities between man and 
lower organisms, as established through the study of embryology, comparative 
anatomy, and paleontology, carry much of the evidential weight. The structural 
similarities suggest the emergence of humans from lower forms of life, from an 
apelike progenitor. The intellectual gulf between man and the brutes, however, 
cannot be denied. The materialist must find a bridge: accepting the gap but explain-
ing it from below. Huxley once more reaches for the watch analogy. All faculties 
depend on structures. The organ shapes the function. But a certain variation in 
structure does not correspond to a linear variation in function. The function is an 
expression of molecular arrangements. A small change in structure can lead to a vast 
change in function. The smallest grain of sand will adversely affect the workings of 
a clock mechanism. In a similar vein, variations in the human body structure – 
upright position, the freeing of the hands, and increasing brain capacity – have led 
to vast functional differences between humans and apes: the emergence of mental 
functions, the development of language and other symbolic forms. [See Darwin 
1871, Part I, Ch. 2; Huxley 1863a, 112–25; 1863b, 470–5; 1909, 51; Dennett 
1995, 117, 287] In his Descent Darwin argues that there is no fundamental differ-
ence in kind between the mental functions of humans and higher organisms. 
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Complex animals feel emotions and manifest signs of intelligence. According to 
Darwin, the principle of natural selection is able to explain the evolution of mental 
and moral faculties. In the idiom of the day, the brain is the organ of mind. But the 
human intellect is such a sophisticated and complex organ that it is implausible that 
each of its functions would have been especially selected. For Darwin, natural selec-
tion was not the exclusive means of modification. [Darwin 1859, 136] We have 
already mentioned that he introduced the principle of sexual selection to explain 
the origin of features, like antlers in deer, that seem injurious to the survival pros-
pects of an individual. Darwin argues that the mental and moral faculties have, 
most probably, been “perfected through natural selection,” adding, “either directly, 
or more commonly indirectly.” [Darwin 1871, Part I, Ch. 2, 80] A Darwinian can 
account for nonadaptive modifications by advancing two considerations.

1. “Organisms are integrated systems and adaptive change in one part can lead to 
nonadaptive modifications of other features.” [Gould 1987, 45] Darwin calls 
this the Principle of the Correlation of Growth. [Darwin 1859, 182; 1871, Part 1, 
Ch. 2] Slight differences in human body structure lead to parallel changes 
elsewhere in the system. This could explain the doubling of the cranial capacity 
of the human brain. [See Table 2.1]

2. “An organ built under the influence of selection for a specific role may be able, 
as a consequence of its structure, to perform many other, unselected functions 
as well.” [Gould 1987, 50] This could explain the evolution of mental capa-
cities. Our large brain may have originated “for” some set of necessary skills in 
gathering food, socializing, etc., but these skills do not exhaust the limits of 
what such a complex organ can achieve. [Darwin 1859, Ch. V; 1871, Part I, 
Ch. V; Ayala 1987; Crombie 1994, Vol. III, 1759] “Natural selection makes 
the human brain big, but most of our mental properties and potentials may be 
spandrels – that is, nonadaptive side consequences of building a device with 
such structural complexity.” [Gould 2001, 104]

Hence humans for Darwin are as much a product of evolution as any other organism. 
The Darwinians vigorously rejected an appeal to “new creative forces” to explain 
human brains, and hence followed the principle of unification that the same 
phenomena must be explained by the same principles.

5.2.3 Emergent minds

What’s matter? Never mind. What’s mind? Doesn’t matter. [Gould, The Struc-
ture of Evolutionary Theory (2002), 97]

The materialist hopes to explain how the brain can cause the mind. At Darwin’s 
time this was more of a research plan than a detailed program. Even today it remains 
one of the great mysteries, the focus of intensive research. Philosophies of mind 
and cognitive science together have produced a number of possible answers, all still 
thoroughly underdetermined by evidence. We cannot review these models here. 
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[See Blakemore/Greenfield 1987; Lyons 2001; Blackmore 2003; Searle 2004] 
However, we can ask to which modern-day position the Darwinian reflections on 
the mind may be most aligned.

On the Darwinian view, mental states are emergent properties of the brain. An 
emergent property is not reducible to the base from which it emerged. It consti-
tutes a qualitatively novel phenomenon, which requires new levels of descriptions 
and possibly new physical laws. Mix flour, butter, eggs, and sugar, put the mixture 
in the oven, and you are rewarded with a cake as an emergent phenomenon. If this 
is true of the cake, it may be true of the mind. Subjective mental processes – 
conscious planning, reflection, problem-solving – constitute novel phenomena. 
The brain is a self-organizing system, which brings forth novel, higher-order mental 
processes. Mental processes are the emergent properties of interacting neuronal 
networks. As such, mental functions are distributed across the brain. Emergent 
properties belong to the whole system rather than its constituents. The Darwinians 
applied the principle of the correlation of growth to the brain. They argued that 
the brain may take on mental functions for which no direct selection had taken 
place. This may indeed lead to a snowball effect. [Bunge 1977; 1980; Sperry 1983; 
Chalmers 1996; Clark 1997; Damasio 1999; Edelman 1992; Humphreys 1997; 
Seabright 1987; Scientific American 2004] Huxley had already argued that small 
changes in the brain may lead to vast changes in the mind. Small increases in the 
neuronal wirings, from which humans benefited in their evolutionary past, may 
first lead to the invention of novel cultural tools, like symbolic language. Once 
these tools are available, their rapid exploitation in the interaction with the material 
world gives humans a major evolutionary head-start. The objective manifestations 
of subjective mental processes – culture, symbolic language, and science – outlive 
their original creators. Emergence implies the reality of the mental. Emergent 
properties are furthermore wrapped in causal loops, as illustrated in the pheno-
menon of group behavior.

A group can affect how its individual members behave. As we shall see in 
Chapter III, Durkheim argued for an emergent holism with respect to the existence 
of social groups and society. Freud, in his work on group psychology, also attri-
buted to crowds causal powers which could not be reduced to the sum of the 
individuals that made up the crowd. According to this view, the interaction of indi-
viduals leads to higher-order phenomena, like social relations. If the mental is an 
emergent phenomenon of a higher order than the brain states from which it emerges, 
we should be able to find such causal loops in mental affairs. Mental processes are 
heavily dependent on symbolic means, both on the personal and on the societal 
level. We talk to ourselves and to others in a public language. Social life is propped 
up by institutional frames. Money, for instance, is a symbolic means, which allows 
it to be exchanged for goods. If the mind is able to produce personal intentions 
and cultural products, which in turn can affect individual and group behavior, the 
mind cannot be a mere epiphenomenon. There must be mental causation. Mental 
disturbances, as Freud insisted, result in troubled individuals. A mental decision to 
perform a physical action usually causes the action. Equally revealing are the effects 
that objective ideas have had on our worldviews and our social actions. Humans no 

9781405181846_4_002.indd   1359781405181846_4_002.indd   135 7/31/2008   9:53:12 AM7/31/2008   9:53:12 AM



136 Charles Darwin: The Loss of Rational Design

longer behave, unquestionably, as if they were the center of the universe, the crown 
of creation. The ideas embodied in Copernicanism and Darwinism have channeled 
our practical attitudes toward the natural and social world into new directions. 
They have changed philosophical assumptions. Public institutions (education, jus-
tice, politics, and the market) are also symbolic entities, which heavily affect the 
behavior of the group that has adopted them. The behavior of individual economic 
agents differs strikingly, depending on whether they operate within the institu-
tional framework of a free or a directed market.

If mental causation is real, it must be captured in any model of the human mind. 
Emergent properties seem to satisfy this requirement. They open up causal loops. 
The emergent properties can causally interfere with the elements from which they 
have arisen. Mental processes can affect other mental processes, but also brain 
processes and physical processes. A good idea may engender other good ideas. 
Emotional stress will affect the physiological states of the individual. Depression 
drives some to suicide. It is an important idea in the social sciences that ideas and 
institutions can channel social action. [Weber 1948, 280]

Although our Darwinian materialists did not have the notions of emergence and 
embodied mind at their disposal, in their discussions they characterized the mind 
as what we would call an emergent property. They considered the mind to be an 
important force in nature and society. The mind can develop new functions, like 
symbolic language, which will give any organism a huge advantage in the struggle 
for existence. The mind also creates, say, moral ideas by which social relations 
are regulated. In this way, the cruel force of natural selection has been tempered by 
cultural evolution.

Yet even today, many of the old questions remain unsolved. Let mental states 
“arise” from neuronal activity. How can empirical science explain the rise of con-
scious minds? Neuroscience has discovered neuronal networks in the brain. They 
are correlated with mental functions. The correlation can be localized. Speech, for 
instance, seems to be located in Broca’s area. Other cortex areas are correlated with 
motor movement and vision. Darwinism has inspired a research program. Cartesian 
substance dualism has been laid to rest. The brain is seen as a biological organ, the 
seat of the mind. The focus of Darwinism encourages questions about the growth 
of new mental functions and the evolutionary advantage of consciousness. [Barlow 
1987; Nozick 2001] (In Chapter III, Section 5 we will look at the development of 
evolutionary psychology – an attempt to explain mental functions through the 
application of evolutionary principles to the mind.) Darwinism has also had rever-
berations on human self-images: it has brought about a loss of rational design.

5.3 The loss of rational design

Looking into the future of the human race is more satisfying for our pride than 
looking into the past. [Büchner 1868, 256; translated by the author]

The Darwinian, naturalistic explanation of the emergence of humans constitutes a 
complete loss of rational design. No supernatural intervention sets up the cradle of 
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humanity. Materialist Darwinians reject Wallace’s compromise position. If natural 
selection can explain the emergence of the human body, it must also explain the 
emergence of the human mind. Humans, in a literal sense, are not the crown of 
creation. The Darwinians reject the Lamarckian solution of presenting humans as 
the target of progressive evolution. As a mechanism, progressive evolution does 
not exist. With the appearance of human beings the evolutionary process does not 
reach its pinnacle. Humans do not represent the peak of perfection, to which all 
other creatures are unfavorably compared. On the models of design and linear 
evolution, humans were relatively late additions to the panoply of nature. The 
ground needed to be laid for their complexity. Fauna and flora were therefore har-
nessed to the ultimate purpose of the creation of complex humans. Hence, humans 
could consider plants and animals as subservient to their needs. It was geocentrism 
in the biological realm. Both Copernicus and Darwin chipped away at such blatant 
biocentrism. Rational design was lost. Material forces took their place. The problem 
is, as Karl Vogt observed, that

the whole inherent pride of human nature revolts at the idea that the lord of creation 
is to be treated like any other natural object. [Vogt 1864, Lecture I, 10]

Could humans figure at least as the crown of creation in a metaphorical sense? 
Even amongst materialists, reactions to the loss of rational design differed widely. 
Ernst Haeckel was the most pessimistic. He equated the loss of rational design with 
the cosmic insignificance of man. Haeckel refuses to grant humans any comfort, 
even in a metaphorical sense. On the contrary, the discovery of man’s lowly origin 
sees man topple from the preeminent rung in the scale of being:

Our own “human nature,” which exalted itself into an image of God in its anthropistic 
illusion, sinks to the level of a placental mammal, which has no more value for the 
universe at large than the ant, the fly of a summer’s day, the mircroscopic infusorium 
or the smallest bacillus. [Haeckel 1929, 199–200]

Not all Darwinians, by contrast, read cosmic inconsequence from man’s lowly 
origin. Huxley rejects a crude version of materialism and regards the mind as a 
third force in nature. It is often stated that Huxley is an epiphenomenalist for 
whom consciousness is causally inefficacious. [Honderich 1987; Chalmers 1996; 
Blackmore 2003] Yet, if conscious states are a subclass of mental states, then Huxley 
was no epiphenomenalist with respect to mental states. Huxley emphasizes that 
mental states produce ideas, which can change the world. [Huxley 1874; 1886; 
1893] The development of civilization consists in the gradual deflection of the 
forces of natural selection. Social life in civilized societies is suspended from the 
cosmic process of nature, in which the brutish struggle for existence prevails. 
Civilized life resembles the horticultural process, in which the struggle for exist-
ence is largely eliminated. Like the good gardener, humans modify the conditions 
of existence to suit their needs. Social Darwinism is a false extension of evolution 
to the human sphere.
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It is as if nature herself had foreseen the arrogance of man, and with Roman severity 
had provided that his intellect, by its very triumphs, should call into prominence the 
slaves, admonishing the conqueror that he is but dust. [Huxley 1863a, 125]

Darwin concurred with these views. He did not see human descent from anthro-
poid ancestors as a humiliating revelation. Where the anti-Darwinians sought to 
maximize the gulf between ape and man, the Darwinians were eager to minimize 
it. They only saw qualitative differences. Animals had intelligence and sensibility. 
It was not demeaning to count them as our ancestors.

The more optimistic Darwinians turned their attention from descent to ascent. 
Mental states emerge from cerebral states. This leads to symbolic language, to 
culture, and to values. The argument is open to the materialist that human values, 
even if their roots lie in social instincts, take on a life and dynamic of their own. 
Values channel social life in a direction opposite to the struggle for existence. 
Darwin saw the cosmic significance of humans in their ascent from humble begin-
nings to the summit of the organic scale, through cultural evolution.

In its temporalized form, the Great Chain of Being has a built-in dynamics, 
propelling evolution toward the highest perfection, which is invested in the 
human race. Humans therefore literally become the crown of creation. Darwin 
and the Darwinians reject the teleology, which is central to progressive modifica-
tion. The emergence of human beings does not constitute the pinnacle of pro-
gressive modification. Humans are an offshoot of evolutionary branching. The 
tree of life might have grown without sprouting a human branch. Rather than 
necessity, it is contingency that builds the cradle of humanity. The assessment of 
the place of humans in the cosmos must necessarily change. It need not be as 
somber as Haeckel’s. As many Darwinians stressed, the dignity of humans derives 
from their cultural evolution:

Our reverence for the nobility of manhood will not be lessened by the knowledge that 
Man is, in substance and in structure, one of the brutes. [Huxley 1863a, 132]

Important as the struggle for existence has been and even still is, yet as far as the high-
est part of man’s nature is concerned there are other agencies more important. For 
the moral qualities are advanced (…) much more through the effects of habit, the 
reasoning powers, instruction, religion etc. than through natural selection. [Darwin 
1871, Pt. III, Ch. XXI, 688–9]

The Darwinians agreed with Copernicus’s rational centrality. For their more 
scientifically minded contemporaries, Darwin’s revolution in science had led to the 
loss of rational design. The old design arguments failed to cope with the explana-
tory task of giving a coherent account of the diversity of the tree of life. Biblical-
style creationist accounts are simply too ad hoc to be able to claim much credibility. 
Consider, for instance, the age of the Earth. There is independent evidence that 
the Earth was formed some 4.5 billion years ago. It will not do to claim that the 
Earth is really only 6,000 years old, as the Bible states. Clinging to this dogma 
requires a deceitful Creator who surreptitiously plants the geological evidence to 

9781405181846_4_002.indd   1389781405181846_4_002.indd   138 7/31/2008   9:53:12 AM7/31/2008   9:53:12 AM



 Charles Darwin: The Loss of Rational Design 139

make it appear as if the Earth were much older. Orthodox foot-stamping is of little 
avail when a serious scientific theory is the challenger of orthodoxy.

Even during Darwin’s reign, some of his opponents moved away from biblical 
creation scenarios. They took science seriously. From scientific findings they 
inferred design, rather than a designer. Intelligent design scenarios were upheld as 
competitive rivals to Darwin’s insistence on natural selection. We should not forget 
that natural selection became highly questionable during the 1870s. Even T. H. 
Huxley entertained some doubts about the explanatory power of natural selection. 
Looking at man’s naked skin, his hands and feet, his voice, let alone his intellect, 
Wallace suspected the work of intelligent design. Miller’s anti-Darwinian tract 
Footprints of the Creator (1861) argued that indications of harmonious design and 
eternal Providence could be gleaned from the geological facts. The anti-Darwinians 
agreed that the evidence supported natural selection insufficiently. It could not be 
a true physical cause. And it failed to account appropriately for the evidence of 
complexity. Opponents of Darwinism, like the Duke of Argyll, H. Miller, and 
St. George Mivart, contended that so much coordination is required in the growth 
of organisms that it could not be attributed to the work of “blind” chance. The 
rejection of natural selection, though not evolution, was also a stab at the mechan-
ical philosophy.13 But if natural selection and the mechanical philosophy fail, then 
the appeal to design regains some purchase. At the root of organic complexity there 
must lie an intelligent plan. The whole of organic evolution must have directionality 
built into it.

Biblical creation scenarios do arise from time to time. But a credible challenge to 
Darwinism must take scientific methods and facts seriously. In the 1990s a modern 
theory of intelligent design emerged. Its aim is to demonstrate scientifically that 
natural selection cannot do the explanatory work it claims to do. From a philo-
sophical point of view intelligent design theory is interesting because the argu-
ments are cast as questions about permissible inferences. We have already seen that 
inferences play a major part in Darwinian histories.

5.4 Intelligent design (ID)

Each revolution in the natural sciences has generated new problems for philo-
sophy. [Rosenberg, Philosophy of Social Science (1995), 212]

The old design arguments inferred from visible order to design, from seeming 
perfection to a divine designer. Darwin confirmed that there was order in Nature, 
but not perfection. The new design arguments infer from organic complexity and 
improbability to intelligent design. Paley’s further inference from design to a 
designer is deemed unnecessary. The observation of complexity is the result of 
scientific investigations, not pious contemplation. Intelligent design theory, like its 
nineteenth-century precursors, takes science seriously. In particular, it relies on 

13 See Nature 34 [1886], 335–6, Nature 54 [1896], 246–7; Browne [2003].
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scientific discoveries from molecular biology and mathematical results from prob-
ability theory. It takes the fight to the evolutionists. It has as little patience with 
orthodox creationism as the Darwinians. It accepts that the Earth is approximately 
4.5 billion years old. It accepts that natural selection plays some role in evolution. 
It sees no need to invoke a designer. It treats intelligent design as a hypothesis of 
“unevolved intelligence” (Dembski/Ruse 2004, 3) or even as an inference to the 
best explanation (Menuge 2004, 32; Meyer 2004, 371–2). From a logical point of 
view, it seems to employ inferential practices just like the Darwinians.

To simplify, let us say that there are two explanatory accounts – the familiar 
(neo-)Darwinian story and an intelligent design account. But today evolutionary 
biologists no longer rely on anatomy, embryology, and paleontology; the range of 
evidence has extended into the genetic and molecular realm. In particular, modern 
design theorists focus on (a) the complexity on the molecular level, (b) the transi-
tion from inorganic to organic life and the emergence of novel animal body plans, 
and (c) mathematical probability in order to argue in favor of ID. Let us briefly 
characterize these arguments and then look at some of the criticism of modern ID 
theories.

Ad (a)  The argument from irreducible complexity. [Behe 1996; 2004] According to 
Behe modern molecular biology has established an irreducible complexity of 
systems within the cell. Behe’s real-life scientific examples refer to the clot-
ting of blood, the biochemistry of vision, and, as part of cell chemistry, the 
so-called bacterial flagellum (e.g., an ion-powered rotary motor which, 
according to Miller [2004, 82], is “anchored in the membranes surrounding 
the bacterial cell”). Irreducible complexity means that “the removal of any of 
the interacting parts causes the system to cease functioning.” [Behe 2004, 
353] The point about irreducible complexity is, according to Behe, that it 
cannot be explained by a Darwinian process of gradual modification. If natu-
ral selection and gradualism fail to explain the complexity, it seems reasonable 
to Behe to infer intelligent design to explain this type of molecular complex-
ity. The complexity reveals intelligent design. From a philosophical point of 
view, it is remarkable that ID theorists, like Behe, are willing to jump from 
the question of admissible inferences, on which all parties agree, to the ques-
tion of permissible inferences. Thus Behe declares that “the design process 
may have contravened no natural laws at all.” [Behe 2004, 357]

Ad (b)  The argument from the emergence of life and novel body plans. Biologists 
have tried to explain the improbable transition from inorganic to organic 
life. The problem is that the first molecules were already quite complex, 
and the origin of this complexity needs explaining. According to the ID 
theorists, appeals to chance and natural laws are insufficient. The “origin 
of life seems to be the ultimate example of irreducible complexity” and the 
“most compelling example of Intelligent Design in nature.” [Bradley 2004, 
350] Note again the form that the argument takes: traditional accounts 
“fail” so that the inference to ID seems to impose itself. In a further 
development of the argument, ID is proposed not only as an adequate 
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solution to the “origin of life” question but also the emergence of novel 
animal body plans in the period of the Cambrian explosion. [Meyer 2004, 
372] ID theorists accepts that “the Darwinian mechanism can explain 
micro-evolutionary adaptation,” like the variety of beaks in Darwin’s 
finches. What they contest is that evolution can explain “the appearance of 
complex specified information in living organisms.” [Meyer 2004, 386; but 
contrast Gould 1991; 2001 for an evolutionary account] Again we observe 
the willingness to proceed from admissible to permissible inferences:

Determining which among a set of competing possible explanations constitutes 
the best one depends upon judgements of causal adequacy or “causal powers” 
of competing explanatory entities. (…) Intelligent agents have causal powers 
sufficient to produce increases in CSI, either in the form of sequence-specific 
lines of code or hierarchically arranged systems of parts. [Meyer 2004, 386–7]

  Meyer appeals not just to an inference to the best explanation. It is 
relatively easy to claim that one’s favorite theory is the best explanation of 
some available evidence. Meyer refers to inference to the best contrastive 
explanation. In this type of inference, the evidence is taken to lend empir-
ical support to one of a number of competing hypotheses. It credits one 
hypothesis and discredits its rivals.

Ad (c)  The argument from specified complexity. The arguments from irreducible 
complexity are only “a special case of complex specified information (CSI).” 
[Menuge 2004, 47] CSI is characterized as information with a low proba-
bility value and the existence of an independent pattern, which is capable of 
eliminating chance. [See Dembski 1998, Ch. 2; 2004] Dembski sees speci-
fied complexity as a statistical criterion which helps to identify the effects of 
intelligence. To illustrate, imagine you travel abroad with a friend about 
whose linguistic abilities you know nothing. When you arrive in your coun-
try of destination you notice that your friend is fluent in the language of 
your host country. Clearly the probability that your friend learned the 
foreign language on the day of your arrival is close to nil. The only reason-
able hypothesis is that your friend was a fluent speaker of that country’s 
language prior to your arrival. In this example we have a specified pattern – 
the ability to speak a foreign language, L – which explains your friend’s 
fluency much better than the hypothesis that he learned it by chance on the 
day of your arrival, A. Your friend’s unexpected mastery of the foreign 
language, L, is detached, that is, independent of the specified event A, 
although A of course instantiates the pattern or design.

Specifications are those patterns that in combination with small probability 
warrant the elimination of chance. [Dembski 1998, 136]

Once chance and regularity have been ruled out as possible explanations of an 
event that displays all the features of an as-if design, inference to design seems to 
remain the only option. This idea of specified complexity is then applied to evolu-
tionary biology. Molecular systems, like the flagellum, are so improbable that 
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Darwinian mechanisms fail to explain their emergence. If cumulative selection fails, 
random selection is even more unlikely, given the probabilities involved. Dembski 
appeals to the procedure of eliminative induction [Dembski 2004, §7]: where rival 
mechanical explanations fail to account for the evidence, E, this same evidence is 
then taken to support the account, which seems to explain it.

There is a vast amount of genetic and molecular evidence. Does the evidence 
favor the Darwinian explanation or does it support intelligent design? This boils 
down to a question of admissible, not just permissible, inferences. Both camps 
agree that the evidence reveals order and regularity. Is natural selection sufficient 
to account for complexity? The Darwinian answer is in the affirmative. As a theory, 
natural selection is jointly necessary and sufficient to explain the rich tapestry of 
life. [Dawkins 1988; Dennett 1995; Ridley 1997; Jones 1999; Mayr 2001; Gould 
2002; Ayala 2004] Intelligent design theorists disagree.

Who is right? Should we opt for a design or evolution inference? Empirical 
science must establish the nature of the complexity of organic systems (e.g., the 
clotting of blood, cell chemistry, and the biochemistry of vision). [See Miller 2004; 
Kauffman 2004; Weber/Depew 2004] But this is not just an empirical question. 
The preference for a certain type of inference also reflects a philosophical attitude 
toward science. Modern evolutionists will argue that the inference to intelligent 
design, while permissible, returns us to supernatural explanations. Darwinism has 
always aimed at unification and a naturalistic explanation of biological phenomena. 
Even if natural selection cannot give a complete account of evolutionary pheno-
mena, a naturalistic approach is still better than inference to design. [Pennock 
2004] For design lies beyond the reach of testability.

Testability is a contrastive notion. We use the same evidence to assess the respec-
tive values of two competing theories. [See Sober 1999; 2002; 2004] In the present 
case, the two competing theories are Intelligent Design and Darwinism. The ques-
tion of testability becomes the question of whether the weight of evidence supports 
the hypotheses of ID and evolution differentially.

The insistence on the original complexity of biological systems ignores, in the 
eyes of modern Darwinists, a Nietzschean insight. We cannot infer, Nietzsche held, 
from the nature of the present function of an organ to the nature of its past func-
tion. There is a difference between the “origin or emergence of a thing and its 
ultimate usefulness.” [Nietzsche 1887, Sect. XII; Dennett 1995, 470; Gould 2002, 
1216] But evolutionary biologists will insist that even incipient organs, like rudi-
mentary wings or light-sensitive cells, will have offered some evolutionary advan-
tage to the organism in the past. They also find in molecular biology support for 
evolutionary explanations. The study of molecular evolution reveals valuable, often 
quantifiable information about the rate and range of evolutionary changes. The 
evolutionary trees of genes and species can be constructed from the precise analysis 
of molecular sequences.

These are not just empirical matters. The empirical data require understanding. 
How can they be incorporated into a coherent scientific theory? At this level, phil-
osophical questions of method arise. Among the permissible inferences, which are 
the admissible ones?
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6 A Question of Method

We are true moles in the path of Nature. [LaMettrie, L’Homme Machine 
(1747), 79; translated by the author]

We have noted that the Darwinians operated in a conceptual space, in which 
various views of organic life competed against a backdrop of empirical discoveries 
and philosophical presuppositions. We have also seen that the Darwinian revolu-
tion had significant consequences for the place of humans in organic nature: the 
loss of rational design. The popular opposition to Darwinism partly stemmed from 
a facile association of the descent theory with the ape theory. It was claimed that 
materialism would lead to immorality. Scholarly opposition to Darwinism was more 
concerned with the logic of the Darwinian argument. St. George Mivart and 
Wallace, for instance, questioned whether the mechanism of natural selection was 
sufficient to explain the complexity of human beings. Their doubts may have been 
motivated by religious allegiances. But the motivations had to be converted into 
counterarguments for the purpose of a scientific debate. There is hardly a more 
effective attack on a scientific result than questioning the scientific method, which 
established it. Bishop Wilberforce epitomizes the worry of the anti-Darwinian 
camp, when he accused the Darwinians of disloyalty to Baconian induction. [Cohen 
1985b; Ellegård 1958, Ch. 9] Today, proponents of intelligent design accuse the 
Darwinians of drawing the wrong inferences from molecular complexity.

Our aim is to explore the philosophical consequences of scientific theories. It 
therefore behooves us to investigate the question of method. Which scientific 
methods did the Darwinians employ? Did they deviate from the true path of the 
Baconian method? What is Baconian induction? How does Baconian induction 
compare with Popper’s testability?

6.1 Darwinian inferences

While asking general questions led to limited answers, asking limited questions 
turned out to provide more and more general answers. [Jacob, “Evolution and 
Tinkering” (1977), 1162]

We have already seen a number of inferences at work. From the coexistence of fossil 
records of extinct species, human bones, and artifacts, researchers in the 1840s inferred 
the antiquity of man. Darwin made similar inferences. Emphasizing the well-known 
power of artificial selection among breeders, he inferred a principle of natural selection. 
It could explain, he held, the diversity of species. The principle of natural selection is 
an explanatory principle. It can be broken down into a number of sub-principles:

● the principle of variation (random mutations);
● the principle of variation in fitness (un/favorable modifications);
● the principle of the struggle for existence;
● the strong principle of inheritance. [Kitcher 1993, 19]
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Thanks to those principles, Darwin is able to unify diverse areas of inquiry, which 
had hitherto stood on their own. Unification is a powerful methodological 
principle in scientific research. We have already encountered it in the transition 
form geocentrism to heliocentrism. The disappearance of the two-sphere uni-
verse and its fundamental presupposition, the Aristotelian theory of motion, 
enabled a unification of terrestrial and celestial physics. Darwin’s principles 
provide powerful techniques of biological explanation. They permit us to infer 
histories of descent for numerous biological phenomena.14 Consider three such 
phenomena:

1. Darwin was struck by the biogeographical distribution of species and their 
varieties on the Galàpagos Islands. How was it possible that the same species of 
finches could show slightly different characteristics from island to island? Prior 
to Darwin the predominant view had been the theory of special creations. 
Darwin’s answer was to treat the modifications of each current group “G” of 
organisms from its ancestors as the organisms’ response to changes in the envi-
ronment. This could be extended to explain the observed differences between, 
say, Neanderthal skulls and modern human skulls.

2. The origin of man was established by investigations in comparative anatomy. 
As Huxley had stressed, there were only minor anatomical differences 
between humans and apes. If humans and apes, belonging to different spe-
cies, share common properties in the bone structure of limbs, how is this to 
be explained?

  In order to tackle such questions, the Darwinians distinguished homologies 
from analogies. A homology is the presence of the same organ in different 
organisms in a variety of forms and functions, like avian wings and human 
arms. Homologies are due to descent with modification. The presence of a 
homology in different organisms can be inferred through histories of descent 
from a common ancestor. An analogy is the presence of similar organs, with 
similar functions, in unrelated animals, like avian and insect wings. Analogies 
are due to convergent evolution, i.e., the result of similar environmental pres-
sures. Their presence can be explained by tracing the history of the emergence 
of the analogy along the different lineages of different species. They have no 
recent common evolutionary origin. Although this distinction is clear in theory, 
it can be difficult to establish in practice. [Darwin 1859; Rolle 1870, 151–2; 
Crombie 1994, Vol. II, 1291; Dennett 1995, 357; Raff 1996, 34–6; de Beer 
1997, 213–21]

3. Finally there are questions of adaptation: why organisms living in certain envi-
ronments display certain properties, which contribute to their fitness in this 
particular environment. These questions, too, can be answered by rehearsing 
the historical process through which the adaptation emerged. Such answers 

14 Kitcher treats a Darwinian history as a narrative which traces the successive modifications of a lineage 
of organisms from generation to generation in terms of various factors, most notably natural selection. 
[Kitcher 1993, 20, 26; see also Lloyd 1983]
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replace the old design argument. They also dismiss the insistence on absolute 
perfection. As Darwin stresses, adaptation is a question of degree:

Natural selection tends only to make each organic being as perfect as, or slightly 
more perfect than, the other inhabitants of the same country with which it has to 
struggle for existence. [Darwin 1859, 229]

The mechanism of descent with modification produces the relative perfection of 
the adaptation of organic beings to their physical environment. But other organisms, 
with which they enter into competition, also inhabit their physical environment. 
There is a tug-of-war for food and shelter, for eschewing injury and death. The 
struggle for existence has a “corollary of the highest importance”: the structure of 
every organism is fundamentally interrelated with “that of all other organic beings.” 
[Darwin 1859, 127]

It was already clear to Darwin’s contemporaries that the theory of descent with 
modification was about drawing acceptable inferences. The real question is not 
simply: What inferences are permissible? But what inferences are admissible in the 
light of the available evidence? This accentuation is reflected in the difference 
between possible and actual solutions. For Darwin’s friends and foes it all boiled 
down to a simple alternative: does the evidence of exquisite adaptation justify an 
inference to a supernatural Designer or to the operation of natural selection? [See 
Nature 27 (1882–83), 362–4, 528–9] For the Darwinians the inference under-
lying the design argument – from the order of Nature to a Designer God – is not 
admissible, since it does not belong to the realm of natural science. But as Intelligent 
Design theory illustrates, there is, logically speaking, no obstacle to blocking the 
inference at least to design. Its proponents agree with the Darwinians that it boils 
down to a question of support. Which of the two hypotheses – design or natural 
selection – receives better support from the evidence? The Darwinians never 
claimed that the hypothesis of natural selection is dead right and that of design is 
dead wrong. Many inferences are logically permissible, but are they admissible? 
Admissible inferences are a matter of evidential support. We shall soon draw a dis-
tinction between positive and supportive evidence. Here it is sufficient to character-
ize supportive evidence as evidence that credits one hypothesis at the expense of 
the other. Given the evidence it is admissible to infer the plausibility of one model 
of explanation at the expense of its rivals. This is how the Darwinians argued. In 
some cases the evidence is such that it lends support to one hypothesis and discredits 
its rival. Darwin did not argue from the rather vague notion of perfect design. He 
looked at the biogeographic distribution of species, their variations, similarities, 
and adaptations. He argued that this body of evidence could be accounted for by 
appeal to natural selection. If there are anatomical similarities between apes and 
humans, it is more likely that they derive from a common ancestor than that they 
were created separately. [Darwin 1859, Ch. XIII, XIV] If the fossil records reveal 
the antiquity of man, it is more rational to infer that humankind is older than 
 biblical chronology allows. Note that this makes explanatory attempts on the part 
of the old-style creationists more difficult, not impossible. The creationist can 
always argue that a Deity planted the fossil records approximately 6,000 years ago. 
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The creationist is forced into such ad hoc maneuvers because the age of the fossil 
record is prima facie incompatible with the evidence. Intelligent design theorists 
avoid such ad hoc maneuvers. They prefer inferences to design. Natural selection 
refers to physical causes; design arguments rely on supernatural agency. Orthodox 
design arguments name the agency, modern design arguments leave it unnamed. 
Modern design theorists agree with the Darwinians on the need for the availability 
of supportive evidence. There is logically nothing wrong with the move from 
 evidence to design. But it requires a break in the chain of natural explanation. We 
are asked to make a leap of faith from admissible to permissible inferences.

Darwinism entered a crowded conceptual space of competing models of explana-
tion. The Darwinians were always engaged in contrastive explanations. [See Box 2.4] 
Given Weismann’s negative results on the inheritance of acquired characteristics, 
it became less likely that Lamarck’s explanation would gain much support from 
the evidence. Natural selection, by contrast, worked on the phenotypic manifesta-
tions of random genetic variations. If only genetic cells are transmitted, this is 
compatible with Darwin’s belief in isotropic variation. Given the lack of perfect 
adaptations and harmonious order in nature, the force of the design argument was 
diminished. The Darwinian theory itself struggled with various difficulties. There 
was the “missing link” argument, which Darwin, in an ad hoc fashion, blamed on 
the poverty of the fossil record. Then there were Thomson’s calculations of the age 
of the Earth. Ninety million years were not enough to perform the invisibly slow 
gradua list process of evolution that Darwin envisaged. And there were the doubts 
about the explanatory weight of natural selection itself. Although the Darwinians 
acknowledged the difficulties, they still considered the Darwinian model superior 
to the theory of special creations.

Darwin’s detractors accused him of a shameful neglect of Baconian principles. 
The true method, they held, was to observe nature and generalize from the obser-
vation of some cases to all cases. Darwin indulged in wild speculations. Much 
“pseudo-scientific cant” has been written about the Baconian philosophy, replied 

Box 2.4 Inference to the best explanation (IBE) or abduction
If inference to the best explanation just means that we infer from the avail-
able evidence to an account which we regard as the best explanation of this 
evidence, then IBE is not to be confused with eliminative induction. We shall 
see in Chapter III that Freud inferred from observational phenomena, like 
neurotic behavior and dream reports, an explanation in terms of the dynamic 
Unconscious. However, this cannot provide an adequate explanation until we 
have contrasted it with a number of rival explanations. [Lipton 22004] We 
need an inference to the best contrastive explanation, such that the evidence 
can assign probability weights to the contrasting explanations. It is precisely 
on this point that Freud’s procedure is woefully defective. It takes the meager 
evidence to confirm the model of the Unconscious, without weighing the 
likelihood of rival explanations.
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Huxley. [Huxley 1907, 364–5; Haeckel 1866, Ch. 4; Greene 1980, 314] Both 
Huxley and Haeckel became aware of the importance of affirming the credibility of 
Darwinian methods. It required, both agreed, a combination of critical induction 
and deduction. They credited John Stuart Mill with the discovery of this synthesis.

Darwin claimed to have arrived, inductively, at the principle of natural selection. 
But this does not establish it as a valid theory. Darwin made a number of observa-
tions, which suggested to him that the diversity of species and their adaptation to 
the natural environment may be explained by the physical mechanism of natural 
selection. But such generalizations from a relatively small sample space may be seri-
ously misleading. Europeans habitually inferred from their observation of white 
swans that all swans were white. This inductive generalization was dramatically 
refuted when settlers discovered black swans on their arrival in Australia. Already 
Francis Bacon, on whose authority Darwin’s critics attacked his “shaky” method, 
called

the induction, which proceeds by simple enumeration (…) childish; its conclusions 
are precarious, and exposed to peril from contradictory instance; and it generally 
decides on too small a number of facts, and on those only which are at hand. [Bacon 
1620, Book I, §105]

We shall see in the next section that both Francis Bacon and John Stuart Mill 
proposed a much more sophisticated method than induction by enumeration. 
They call it induction by elimination.

6.2 Philosophical empiricism

But let us first complete the steps by which Haeckel and Huxley defended 
Darwin’s method. We may arrive at a model, like natural selection or heliocen-
trism, by an inductive step from a certain number of observations, aided by some 
theoretical principle. But they remain mere conjectures or hypotheses. Once 
such models are available they become subject to tests. Here the deductive part 
sets in. According to standard wisdom, we derive from the model certain predic-
tions, which must be tested.This demand could be satisfied in Copernicanism 
but not in Darwinism. Darwinism was not able to offer precise numerical predic-
tions about the future behavior of biological organisms. Darwin was able to 
accommodate hitherto known facts, which had remained puzzling under the 
rival theories. For instance, the great similarity in the anatomy of apes and 
humans, the existence of rudimentary organs, found a natural explanation on the 
Darwinian hypotheses. They remained puzzling on the theory of special crea-
tions. Evolutionary theory provided a framework, which could be used to derive 
the accommodated facts. There is more: once the theoretical framework is avail-
able, it can be used to infer deductive or inductive consequences. The most 
spectacular fact, which the Darwinians derived from the descent theory, was the 
probable emergence of modern humans from earlier hominids and ultimately 
from anthropoid apes through branching. Darwinism established a new link 
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between the antiquity of man and the trajectory of descent. This deduction 
cannot be treated as a novel prediction, since it incorporates an independently 
known fact into the new theory. The German biologist Fritz Müller focused on 
the developmental history of Crustacea. Many of the phy siological details, which 
he described in great detail, find a natural explanation in the theory of descent 
but stretch credulity on the theory of special creations. In the complicated phy-
siological minutiae of Crustacea Müller found little evidence for Agassiz’s “fixed 
plan of the Creator.” He pointed out that anatomical details of crustaceans could 
be derived from Darwin’s position. Such inductive consequences constitute sup-
portive evidence for Darwinism. [Müller 1864, §§III, IV] Darwin was so 
impressed with Müller’s work – calling it an “admirable demonstration” of his 
doctrine – that he arranged for an English translation, which was published in 
1869. [Browne 2003, 259–60]

Haeckel calls this interaction of induction and deduction philosophical empiri-
cism. It is an interplay of experience and reason, a synthesis of empiricism and 
rationalism. But as many scientists at that time also observed, there is no good 
observation without some prior theory. As we have seen, Copernicus and Darwin 
operated against the background of rival accounts. We should add an important 
further requirement in this interaction. Any good theory, which gains accreditation 
either by the confirmation of novel prediction or by successful accommodation, 
must discredit some rival theory. The true Baconian or Millian methods are methods 
of elimination. As Mill observed:

Most people hold their conclusions with a degree of assurance proportioned to the 
mere mass of the experience on which they appear to rest; not considering that by the 
addition of instances to instances, all of the same kind (…) nothing whatever is added 
to the evidence of the conclusion. A single instance eliminating some antecedent, 
which existed in all the other cases, is of more value than the greatest multitude of 
instances. [Mill 1843, Book III, Ch. 10.2]

For instance, 20 people enjoy a meal at a restaurant but eight of them come down 
with food poisoning. On investigation we find that 
these eight had the chicken dish, while the remaining 
12 had various other dishes – all 20 having eaten 
different desserts. We are entitled to conclude that, 
probably, the chicken dish is responsible. We elimi-
nate the other dishes, because none of the 12 people 
fell ill. This is Mill’s method of agreement. The 
unfortunate victims all had one thing in common: 
they ate the chicken dish. Mill proposes a number of 
methods of elimination, including the method of 
difference. The true “Baconian” principles, as 
Haeckel, Huxley, and Mill recognized, work by elim-
ination. Darwin’s critics were mistaken. Let us inves-
tigate the power of elimination. Francis Bacon (1561–1626)
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6.3 Some principles of elimination

Did Darwin heap fact upon fact, or was it fact upon theory? [Ghiselin, The 
Triumph of the Darwinian Method (1969), 232]

In his Autobiography Darwin claimed that he had carried out his work on true 
inductive principles. “My mind seems to have become a kind of machine for grind-
ing general laws out of large collections of facts (…).” [Darwin 1958, 54; Huxley 
1907, Ch. X, 284] In reality he had followed true “Baconian” principles. Neither 
for Bacon nor for Mill did induction mean simple induction by enumeration. 
Induction is a two-edged affair. While it lends credit to some model, it simultane-
ously discredits a rival model. This is called induction by elimination. [Norton 
1994, 1995; Weinert 2000] Some phenomenon P is at hand. Often in the history 
of science competing models of explanation offer their services. Which model is 
correct? Let P be the occurrence of a vicious crime, like in Lee Harper’s novel 
To Kill a Mockingbird. Before detectives gather evidence about P, any human being 
alive on Earth could logically have been the perpetrator. But soon the evidence 
begins to eliminate vast numbers of potential suspects. P happened at a particular 
location, L1, and at a particular time, T1. The elementary facts exclude the vast 
majority of potential perpetrators. At T1 most of them were at L2. The evidence 
gets more sophisticated. Before long, only a small list of names remains. Let us say 
that two suspects, S1 and S2, remain on the list. Detectives will want to make the 
evidence so precise that it definitely points to either S1 or S2. Let us say that 
DNA evidence links suspect S1 to the crime. This makes S1 the prime suspect and 
reduces the probability that S2 committed the crime. The scientist’s procedure is 
not much different from the detective’s work. The scientist is like a detective who 
will want to link the available evidence to preferably just one of a number of explan-
atory models. The weight of the evidence must decide on the probability of the 
explanation. We can infer the credibility of an explanatory model from how strongly 
the evidence points to it.

Where does the evidence come from? It may come from observations, as in the 
case of Copernicus and Darwin. It may come from laboratory experiments. 
Physical principles may also provide evidence. Physics tells us that there can be no 
perpetuum mobile and that no material process can travel faster than light. Where 
do these models come from? They may have been arrived at through simple induc-
tive steps, through hypothesis or conjecture. Once the models are available, we 
require evidence that has the ability to weigh more in favor of one model than its 
rivals. Bacon was fully aware of such procedures of elimination. Having dismissed 
enumerative induction as “childish,” he proceeds to specify a more positive 
account:

But the induction, which is to be available for the discovery and demonstration of 
sciences and arts, must analyse nature by proper rejections and exclusions; and then, 
after a sufficient number of negatives, come to a conclusion on the affirmative 
instances … [Bacon 1620, Book I, §105]
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Mill reminds us that we must repeat our experiments and observations to exclude 
errors of observation or measurement. Our experimental and observational results 
must be reliable. But once this is done,

the multiplication of instances, which do not exclude any more circumstances, is 
entirely useless … [Mill 1843, Book III, Ch. 10.2]

But mere rejection and elimination will not do. We are interested in some working 
model, which can adequately cope with the evidence. If one model of explanation 
gets discredited, the same evidence must credit its rival model. What does it mean 
to say that a model can “cope” with the evidence?

We must discuss four essential features of eliminative induction: (1) the distinc-
tion between positive and supportive evidence; (2) the exploration of the space of 
possibilities; (3) the distinction between alternative and rival models; and (4) the 
accommodation of known facts as against the prediction of novel facts.

∞ 6.4 Essential features of eliminative induction

1. Modern discussions often draw the distinction between positive and support-
ive evidence or instances. Positive evidence is a deductive consequence of some 
competing explanatory models. Positive instances follow deductively from the 
principles of a theory. Supportive evidence, by contrast, comes ideally in the form 
of novel predictions, which are compatible with only one of the competing models. 
Supportive instances constitute tests for competing theories. It may also take the 
form of successful accommodation of known facts into the framework of one 
model, while it resists such integration into the other. Bacon appealed to crucial 
experiments, which stand at the crossroads between two opposing explanations. 
[Bacon 1620, Book II, §36] They have the power to sway the argument in favor 
of one account at the expense of the other. Bacon considers the Copernican hypoth-
esis – whether the rotation of the Earth is real or apparent. He suggests various 
testable empirical consequences, which could decide between, say, geocentrism 
and heliocentrism. Consider some examples:

Positive instances of both geocentrism and heliocentrism are the regular motion 
of planets and the behavior of objects on Earth. Positive instances of both natural 
theology and Darwinism are the diversity of species and certain fossil records. Posi-
tive instances are compatible with the logical framework of competing models. 
They do not distribute probability values unevenly over these models. This creates 
a serious explanatory difficulty. If, despite the available evidence, there are still rival 
models which claim to explain it, we have no explanation at all. If all terrestrial 
phenomena can be explained on geocentrism or heliocentrism alike, if all biological 
phenomena can be explained equally on the theory of special creation and the 
principle of natural selection, we really have no explanation to hand. For the solar 
system cannot be both geocentric and heliocentric; and species cannot be both 
created and evolved. We know for certain that the solar system is heliocentric. This 
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makes geocentrism incompa tible with the facts. Most biologists are fairly certain 
that species have evolved. This makes creationism implausible. Just like the detec-
tive, the scientist needs evidence which points in the direction of one model and 
away from its rivals.

Supportive evidence plays the dual role of confirmation and disconfirmation. As 
Bacon already emphasized, crucial experiments can increase the credi bility of one 
model at the expense of its rival model. The observation of new facts can play a 
similar role. In the history of heliocentrism such supportive evidence weighed 
heavily in favor of the Copernican hypothesis: Brahe’s observations of comets and 
the supernovae, Galileo’s observation of the Jupiter moons, and the joint predic-
tion by Adams and Leverrier of the existence of Neptune (1846) were compatible 
with Copernicanism but not with geocentrism. Supportive evidence also favored 
Darwin’s theory of natural selection against rival explanations: the discovery of 
extinct human and animal species in the fossil record, anatomic homologies 
between anthropoids and hominids, similarities in embryonic development, the 
diversity of species in their biogeographic distribution.

It is important to realize that the surviving model is the most adequate 
model available in relation to the available evidence. It need not be the true 
model. Whatever truth means, it is very difficult for scientific theories to avoid 
abstractions and idealizations. It is not possible to arrive at complicated scientific 
theories via simple enumerative induction. All theories are conjectural. From a 
logical point of view, an infinite number of theories may exist. We must always be 
aware of a space of possibilities – that is, the space of possible and actual models, 
which may equally well account for the evidence. In the history of science, on the 
other hand, only a few competing models are available at any one time. Heliocen-
trism faced geocentrism and some variants. Darwinism faced design models, and 
some alternative evolutionary models. How can we explain the paucity of models 
in practice?

2. Let us envisage a space of possibilities. Such a space of possibilities consti-
tutes a logical or constraint space, for it harbors both actualized and non-actua lized 
models. Think of a constraint space as an abstract grid, with cells in rows and 
columns. The color charts from a paints manufacturer can be thought of as logical 
spaces. There are, for instance, many cells of yellow hue. These may not be all the 
hues of yellow that can be manufactured. Indeed with each season new hues are 
offered. The yellow chart has room for many shades of yellow but it excludes all 
shades of other colors. They belong to a different logical space. Certain elements 
are allowed to enter a constraint space but by no means all. A large board with 
triangular and rectangular holes will let pass triangles and rectangles smaller than 
the respective openings. It will bar all other shapes above a certain size. We can 
think of constraints as delineating these logical spaces. Think of constraints again 
as restrictive conditions of an empirical and theoretical kind. They act as “goal-
keepers.” Constraints allow certain parameters to enter the domain while exclud-
ing others. A simple selection procedure on a fairground illustrates the power of 
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constraints. If you can pass below a certain bar of height, h, you are too small to go 
on the fun ride. This is an empirical constraint. There are also theoretical con-
straints. If you cannot solve differential equations, your career as a physicist will be 
short-lived. Think of constraints as throwing boundaries around constraint spaces. 
[See Chapter I, Section 6.4.2]

3. We can use constraints to make a needed distinction in the constraint space 
of models. So far we have freely spoken of competing models, without specifying 
whether they were alternatives or rivals. In a conceptual domain some models 
will be mere alternatives, others will be genuine rivals. Alternative models are 
competitors but logically compatible. Alternative models are compatible because 
they share similar constraints. Rival accounts mostly satisfy divergent constraints 
and share only certain overlapping presuppositions. For instance, all heliocentric 
models are rivals to geocentric models. All non-teleological models of evolution 
are rivals to teleological accounts of evolution. They belong to different con-
straint spaces. The constraints, which define these spaces, erect different criteria 
of membership. Thinking of the situation in terms of rivals has an immediate 
advantage. A certain set of constraints not only eliminates one explanatory 
account but a whole class of rival accounts in one stroke. For instance, the confir-
mation of heliocentrism dispenses with all geocentric accounts. The algebraic–
topologic structure of heliocentrism is incompatible with that of geocentrism. In 
other words, if the planetary system is sun-centered, governed by Newton’s laws, 
then no geocentric account can satisfy the constraints, which are imposed by a 
sun-centered planetary system. Darwinian accounts of evolution dispense with all 
teleological theories, whether they come in the shape of design arguments or 
progressive evolution. The algebraic–topologic structure of Darwinian histories is 
incompatible with that of teleological accounts. The topologic structure resides 
in the model of branching evolution, their algebraic structure in the mechanism 
of natural selection. That is, if evolution is driven by natural selection, this cannot 
be squared with any idea of design or progressive evolution. Rivals are competi-
tors but logically incompatible. Rival models are incompatible because they fall 
into distinct constraint spaces.

We said: depending on which constraints are operative, they form distinct 
constraint spaces. We can use Copernicanism and Darwinism to provide illustra-
tions of constraint spaces and of rival and alternative models. Lamarckism and 
Darwinism agree on the non-fixity of species but disagree on the teleolo gical 
nature of evolution and the mechanism of selection. Kepler and Copernicus 
agree on the central position of the sun but disagree about the particular 
shape of planetary orbits. Stripped of its metaphysical trappings, the circle can 
be regarded as a mathematical idealization of the ellipsis. Copernican models 
are alternative models. Mature Copernican models are radically incompatible 
with the Ptolemaic model, since they do not share the same algebraic–topologic 
structure, and therefore not the same constraints. They are rivals, not alterna-
tives. Lamarck’s evolutionary model is an alternative competitor to Darwin’s 
evolutionary model, since they both agree on the variability of species. But 
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evolutionary models are radically different from teleological design models. 
They are rivals, not alternatives.15

A useful criterion to decide whether two models are alternatives or rivals resides 
in the degree of permissible change. Both the Lamarckian system and the Coper-
nican models could be modified. What was modified in both cases was the alge-
braic structure: from soft inheritance to natural selection, from circular to elliptical 
orbits. In the Copernican case this change did not affect the topologic, sun-
centered structure. But it meant transforming the circle from a metaphysical to a 
mathematical device. In the Lamarckian case, the change in algebraic structure led 
to a change in topologic structure, from linear to branching evolution. But the 
design and geocentric models cannot be modified in this way: both their topologic 
and algebraic structures militate against the adoption of natural selection and ellip-
tical orbits respectively, despite the evidence.

When we think about the space of possibility, logic compels us to regard it as 
inexhaustible. We can always make changes to existing models to generate new 
potential models. In practice, science always works with a limited pool of available 
models. When we engage in eliminative induction, we use empirical data, physico-
mathematical results, metaphysical presuppositions, and metho dological beliefs as 
constraints to guide our choice. We have seen how the inference to design or evo-
lution models faces us with a philosophical choice. It is to put our trust in either 
evolutionary theory or design models. To trust in evolutionary theory means to 
adopt naturalism. This expression of trust includes the hope that outstanding 
problems will be solved in the future. To trust in design models means to declare 
natural selection incapable of accounting for complexity and improbable struc-
tures. The hope is that the inference from order to design will become scientifi-
cally respectable. As we exclude one model in favor of its rival model, let us say the 
Great Chain of Being in favor of descent with modification, we exclude a whole 
class of rival models, say all those that postulate the fixity of species. We exclude a 
class, not just individual rival models, because all models in this class (potential 
and actual) fall foul of the constraints. This leaves us with a class of alternative 
models. But they are not particularly threatening because they share a large 
number of constraints. Often they can be sorted on a scale of plausibility with the 
discovery of new evidence.

4. One vexing problem is that of accommodation. Philosophers are often agreed 
that novel predictions constitute the purest kinds of tests, to which explanatory 
models can be subjected. Accommodation is often regarded with suspicion. It is 

15 See Kepler [1618–21], BK. V, 2nd book, Part I, 127; Rosen [1959], 49 writes that elliptical orbits 
can be approximated by circles because of their small eccentricity. Darwin conceded the similarities of 
some approaches when he wrote: “Whether the naturalist believes in the views given by Lamarck, by 
Geoffroy St. Hilaire, by the author of the ‘Vestiges,’ by Mr. Wallace or by myself, signifies extremely 
little in comparison with the admission that species have descended from other species, and have not 
been created immutable …” [Quoted in Greene 1980, 315]
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feared that the models will be constructed with the known facts in mind, exposing 
them to the weakness of adhocness. [Psillos 1999, Ch. 5; Howson/Urbach 1993, 
147–60] For instance, when Darwin was confronted with the missing link argu-
ment, he responded with the claim that the fossil record was very poor. In Dar-
win’s time this was an ad hoc defense, which protected Darwin’s model against a 
serious objection. Luckily for Darwin the fossil record improved, removing the 
sting of the missing-link argument. Still, accommodating models to existing, 
known evidence always presents particular problems, as our analysis of Freudianism 
will soon illustrate. Nevertheless, there are famous examples of accommodation in 
the history of science. The perihelion advance of Mercury was known to classical 
physics but could not be explained on the Newtonian model. The perihelion is the 
closest point of a planet’s orbit to the sun. In the case of Mercury, this point 
advances over a period of time. Instead of the perihelion always returning to the 
same point after an annual orbit, Mercury’s orbit forms a rosette pattern. Einstein 
was able to accommodate the problem in his general theory of relativity (1916). 
When Niels Bohr constructed his famous atom model of the hydrogen (1913), he 
built it to accommodate various atomic phenomena known at the time: the scatter-
ing experiments, the discreteness of atomic spectra. Copernicus did not make a 
single novel prediction, nor did Darwin. Their work consisted in accommodating 
the amount of observational data. They provided a coherent framework, within 
which the data would make sense. Such cases of accommodation are unproblem-
atic for two reasons. (1) In all these cases the new models were proposed on the 
background of rival accounts. If a model can account for a known fact, which 
threatens the coherence of a rival model, accommodation poses no serious danger. 
We have encountered several examples. Copernicanism naturally accounts for ret-
rograde motion, which forces geocentrism to adopt an unphysical solution. And 
Darwinism elegantly accounts for the diversity of species, which forces design argu-
ments to adopt a multiplicity of creative acts. (2) These theories had testable con-
sequences, even if they fell short of novel predictions. Once a theory offers a 
coherent framework to known facts, deductive and inductive consequences follow. 
They do not have the impact of novel predictions but may nevertheless strengthen 
the empirical support of the theory. Copernicanism can explain the seasons, as a 
deductive consequence of its structure. And the antiquity of man naturally follows 
from descent with modification.

We have distinguished four essential features of eliminative induction. Both the 
Copernican and the Darwinian models fare well on this account. The Copernican 
account can, among other things, provide an accurate estimate of the relative 
order of the planets from the sun. The Darwinian account can, among other 
things, explain the adaptation of species to their local environments. These deduc-
tive and inductive consequences enhance unification. They should count as sup-
portive evidence. Both Copernicus and Darwin explored their rival models. But 
they saw the space of possibilities as exhausted by their respective rivals. Copernicus 
sought to discredit geocentrism; Darwin was mostly preoccupied with exploring 
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the weakness of the theory of separate creations. Looking at the algebraic–
topologic features of heliocentrism and geocentrism, it is fairly easy to distinguish 
rival models from mere alternatives. Looking at the algebraic process of natural 
selection in Darwinism, as against divine selection in natural theology, it is again 
easy to distinguish the rivals from the alternatives. We proposed, as a criterion, the 
degree of acceptable change in a model in the light of evidence. The Copernicans 
and Darwinians were much more in the business of accommodating known facts 
than making novel predictions.

6.5 Falsifiability or testability?

Popper fully accepted Hume’s criticism of simple induction, induction by enu-
meration. There is no logical proof that we are justified to infer from the observa-
tion of some “p” to the universal statement that “all p.” Nor is there an empirical 
proof. We cannot infer from the success of our inductive practices in the past to 
their success in the future because this presupposes the very principle of induction, 
which we aim to prove. Popper concluded from this state of affairs that it was 
impossible to establish the truth of a universal scientific theory on the basis of a 
limited number of observations. Universal theories in science cannot be estab-
lished by inductive reasoning. Popper stood this situation on its head. We cannot 
verify the truth of a universal theory by observation or experiment. But we can 
show at least that a theory is false. If a universal theory is cast in such a form that 
it may contradict some observation statements, from which they are derived, then 
we have reason to believe that the theory is false. This is the asymmetry of verifica-
tion and falsification. A theory in science cannot be verified but it can be falsified. 
It is falsified when one of its deductive consequences contradicts our empirical 
discoveries about the world. [Popper 1959; 1963; 1973] Kepler’s first law of ellip-
tical planetary orbits is a discovery that falsifies the presupposition of circular orbits 
in geocentrism and Copernican heliocentrism. At the same time it constitutes a 
rejection of geocentrism and a modification of heliocentrism because the elliptical 
orbits take the sun as a focal point. And the paleontological discoveries of the 
nineteenth century contradict the fixity of species in non-evolutionary accounts. 
At the same time they constitute a rejection of the Great Chain of Being and a 
modification of earlier evolutionary accounts insofar as they were still committed 
to teleology.

Popper claimed that he had disposed of inductive practices in science for good. 
Popper’s towering influence over twentieth-century philosophy of science has 
 created the impression that inductive practices are unimportant events in the his-
tory of science, while deductive practices are the norm. Popper was much impressed 
with Einstein’s theory of relativity. Here was a good conjecture, freely invented, 
which resulted in three precise testable predictions (the perihelion advance of 
Mercury, the redshift of light in gravitational fields, and the bending of light near 
gravitational bodies). But our study of Copernicanism and Darwinism has con-
vinced us that inferential practices are widespread in science. They take the form of 
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eliminative rather than enumerative induction. The physicist Steven Weinberg has 
reacted to the dominance of falsificationism in his own way: he finds no single 
instance of falsificationism “in the past one hundred years.” [Weinberg 1993, 102] 
In fairness to Popper we should recall that he requires the refutability of theories 
rather than their actual refutation.

Should we read Popper’s criterion as falsifiability or testability? If we take Popper 
too literally – insisting that theories are scientific only if they are falsifiable – we are 
led to inconsistent conclusions. Perfectly respectable scientific statements about 
the impossibility of perpetual motion machines cannot be falsified. The cosmo-
logical search for the existence of dark matter cannot be falsified. The criterion of 
falsifiability excludes the search for the positive existence of some entity or prop-
erty. It also renders theories unscientific, which the history of science regards as 
scientific. Ptolemaic astronomy wished to save the appearances by ingenious geo-
metric constructions. There was no commitment to the reality of the geometric 
devices, no novel predictions. Ptolemaic astronomy fails as a scientific theory in 
Popper’s sense. Still, it ranks as a serious contender among Greek models of astron-
omy. It predicted and ordered the known phenomena; it only became testable in 
the long run. And what do we think of theories, like astrology and Freudian psycho-
analysis, which could have falsifiable consequences? If astrology and Freud’s theory 
are falsifiable in principle, by making predictions that turn out to be wrong, should 
we regard them as scientific? And what do we make of paradigmatic theories, 
like Newton’s mechanics, which face anomalies, like the perihelion advance of 
Mercury? The perihelion advance of Mercury fell into the domain of Newton’s 
theory but could not be explained. But Newton’s theory was not rejected because 
of this failure.

Popper imposes some stringent constraints on new theories, T2, which replace 
older theories, T1. The new theory, T2, must make more precise assertions than T1; 
it must explain more facts than T1 and it must explain them in more detail; T2 must 
pass tests which T1 has failed, and it must pass new tests; T2 must also unify hitherto 
unrelated phenomena. [Popper 1963, Ch. 10] In particular, a theory must define 
the parameters between which it establishes relations. Both the parameters and the 
relations must be quantifiable. As we have seen, such quantifiable relations between 
parameters often form the basis of the laws of science. Astrology stumbles over 
such a requirement. The positions of the stars in the sky can be stated with numer-
ical precision but the same is not true of character traits. This drawback makes it 
difficult to quantify any supposed correlation between character traits and the 
position of the stars.

We can summarize these criteria under the term testability. We can cast testability 
as a method of elimination or a contrastive activity. [See Sober 1999, §1] After all, 
Popper’s criteria are based on a contrast between T1 and T2. The easiest situation 
occurs when T1 makes prediction P1 and T2 makes a different prediction P2. If, on 
the Popperian scheme, P2 does not occur, T2 is regarded as falsified and T1 as cor-
roborated, if P1 is observed. What happens, however, if T1 and T2 make the same 
prediction, say, regarding the motion of Mars, and T1 and T2 are based on different 
principles, respectively? According to eliminative inductivism, these confirmations 
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do count as positive but not as supportive evidence; we need to wait for an instance 
of supportive evidence that differentiates between the two theories. Popper’s evo-
lutionary model of the rational growth of scientific knowledge populates the space 
of possibilities with a number of alternative and rival accounts: a number of tenta-
tive solutions to a particular problem are allowed to compete, until error elimina-
tion weeds out some tentative solutions, leaving a number of more sophisticated 
tentative solutions now tackling a more refined problem. In his criticism of falsifi-
cationism Kuhn, too, stresses the need for a number of rivals, among which a 
choice must be made according to certain criteria. [Hoyningen-Huene 1993, §7.4] 
The method of eliminative induction tells us which models we should regard as the 
best candidates in terms of explanatory power and in the light of the available evi-
dence. We expect the surviving model not only to describe but also to explain the 
phenomena. It should allow us to derive new phenomena or accommodate known 
facts. Once the method of eliminative induction has selected a model as the best 
candidate to cope with the available evidence, the question arises: How does it 
explain the evidence? What is scientific explanation? We can best answer this question 
by studying some models of explanation.

6.6 Explanation and prediction

A phænomenon is explained when it is shown to be a case of some general law of 
Nature (…). [Huxley, “Origin of Species” (1860), 57]

Are you a patient observer? Imagine you live by the sea and become inquisitive 
about the pattern of high and low tides. You decide to construct tables, in which 
you enter the times of the receding and swelling waters. After a while you will no 
doubt discern the pattern and make predictions about the next high tide. Your 
predictions may not be accurate to the minute and the second. But you will be able 
to predict the tides with sufficient accuracy not to be out by hours. Emboldened 
by your success, you turn your attention to the moon. Soon you observe the phases 
of the moon, making sketches as best as you can. You notice that it takes approxi-
mately 28 days between two full moons. Before long, you will be able to predict 
the phases of the moon to within acceptable margins of error.

You can predict the tidal and lunar phases. Does this mean that you can explain 
them? Most certainly not! To be able to predict is not to be able to explain. To be 
able to explain is not necessarily to be able to predict.

Your tabular results of the phases of the moon and the tides permitted you to 
make rather accurate predictions. You may have no idea how these natural phe-
nomena come about. You are in good company. The ancient Greeks predicted the 
motions of the planets with an accuracy of within 5 percent of modern values. 
The Greeks had an “explanatory” model, on which their predictions were based. 
But their model – geocentrism – was mistaken. The physical world is not geocen-
tric. The Greeks were able to make good predictions but they had a completely 
false explanation. With heliocentrism prediction and explanation moved closer to 
each other. Copernican heliocentrism is a good approximation of the topological 
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structure of the planetary system. But the algebraic structure is mistaken. Coper-
nicus still worked within the Greek paradigm of perfect circular motion. Still, the 
Copernican model satisfied some of the constraints of the logical space it inhabited. 
Within this constraint space, it experienced a number of important improvements, 
associated with the names of Kepler, Galileo, and 
Newton. Through these giant steps the explanatory 
structure of heliocentrism improved markedly. The 
Newtonian model of the solar system displays an 
algebraic and topologic structure which fits the 
structure of the physical system rather well. 
Therefore the Newtonian model provides us with a 
good explanation of the planetary system. This 
improved the accuracy of predictions of this sophis-
ticated Copernican model. This success culmi-
nated in the prediction of the existence of a new 
planet, Neptune. John C. Adams and J. J. Leverrier 
(1811–77) calculated from Newtonian mechanics 
that observable perturbations in the orbit of Uranus 
must be due to the existence of another planet. Johann Galle (1812–1910) in 
Berlin went to look for the new object and found Neptune in 1846. But the 
perihelion advance of Mercury eluded a Newtonian explanation.

One is tempted to think that the explanatory adequacy of a theory will give rise to 
predictability. But the example of astronomy can lead us astray. When the world is 
very complex the availability of good explanatory principles does not guarantee the 
derivation of good predictions. If you are a good observer of lunar and tidal phases, 
perhaps you are a good observer of human moods. A colleague whose friendliness is 
as blameless as his politeness ignores you as you cross his path on campus. You later 
learn from a friend that your colleague suffered a bout of bad news on that particular 
day. You construct an explanation: he was in such a foul mood that he did not wish 
to look at anyone, let alone speak to anyone. Understandable! You attribute your 
colleague’s unusual unfriendliness to his considerable irritation on that day. You can 
sympathize. And you can explain. Does this mean that you can predict that your col-
league will be unfriendly once more, if bad news arrives again? No way! Humans are 
too complex to make such easy inferences. Next time your colleague, eager to forget 
the bad news, may be particularly friendly when your paths cross again. So it is 
possible to explain without being able to predict.

In a certain way Darwinian evolutionary theory is in this situation. Evolution in 
the Darwinian sense is a statistical theory. The theory of natural selection speaks of 
the tendency of favorable characteristics to be preserved and unfavorable characteri-
stics to be eliminated. The success of a species – a population of individuals – does 
not just depend on its favorable characteristics. What is favorable is relative to a 
particular type of environment. The fitness of a species is a function of the environ-
ment in which it tries to survive and reproduce. It is therefore impossible to predict 
with astronomical accuracy the trajectory of a species through the phase space of 
life. But as evolutionary theory is a statistical theory it is able to make statistical 

Portrait of John C. Adams 
(1819–32)
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predictions. Statistical predictions refer to the future behavior of collections of 
individuals rather than to the individual members of the collection. In a certain 
sense it is correct to say that evolutionary theory can explain but not predict. But 
then we apply a notion of strict predictability. It derives from astronomy, where the 
orbit of individual objects can be predicted with great accuracy. Astronomy can 
predict into the future and retrodict into the past. But we should not forget that 
statistical predictions are a valuable source of information. Economists make pre-
dictions about the economic performance of whole countries over limited periods. 
Sociologists make predictions about the effect of social conditions on health stand-
ards or educational performances of certain age groups. Criminologists predict 
rises in criminal offenses at least over a limited period of time.

As population thinking is the predominant paradigm in evolutionary biology 
today, it is only to be expected that it will give rise to statistical predictions. Consider 
the Hardy–Weinberg ratio: p2 : 2pq : q2, where p and q represent two alleles of a 
gene in a population. This proportion will be maintained in the population from 
generation to generation, if no interfering factors occur. The loss of existing genes 
or the arrival of new genes may constitute such interferences. If this happens the 
proportion will be disturbed and evolution may occur. [See Mayr 2001, 96–7; 
Fisher 1930, 22; Williams 1973; Rice/Hostert 1993] Consider, for instance, the 
predictable effect of the introduction of gray squirrels on a population of red squir-
rels. The effect of natural selection will be such that the red squirrel population is 
likely to decline. Similar changes in population numbers will occur if there are arti-
ficial or natural interferences with the food chain of a species. Other predictions 
concern the speciation process. Why do populations diverge and develop along 
different lineages? One influential model predicts that geographic isolation of a 
population into two subgroups can lead to the splitting of lineages. A predictive 
implication of allopatric speciation is that some transitional forms will be found. 
The existence of transitional forms follows from the logic of Darwin’s argument. 
As we mentioned earlier, researchers in the 1830s and 1840s found hominoid 
remains, which differed slightly from modern humans. Such transitional, homolo-
gous forms lend support to the hypothesis of descent with modification, under-
stood here as allopatric speciation. The discovery of the fossil remains of primitive 
birds like Archaeopteryx and Hesperornis Regalis revealed more transitional forms. 
They resembled reptiles in one important respect – they possessed strong teeth. 
[Huxley 1876, 94–113; Mayr 2001, 14, 67] [Figures 2.11a, b]

Our discussion leads to the conclusion that there exists a certain asymmetry 
between prediction and explanation. Ideally our explanatory principles allow us to 
make precise predictions. But there are many areas of human knowledge where this 
ideal case does not obtain. We cannot always predict even though we can explain. 
And we cannot always explain even though we can predict.

∞ 6.7 Some models of scientific explanation

Some of the most influential models of scientific explanation are reflected in the 
Copernican, Darwinian, and Freudian traditions.
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∞ 6.7.1 Hempel’s models What is a scientific explanation? Carl Hempel is famous 
for his two models of explanation. He proposed the deductive-nomological model 
(DN model) and the inductive-statistical model (IS model). [Hempel 1965] 
According to Hempel the explanation of a phenomenon, P, is its subsumption 
under the regularity, R. More precisely, Hempel’s general idea is that we provide 
an explanation for some event E, if we can show it to follow either deductively 
(DN) or with high probability (IS) from general laws and initial conditions. Any 
explanation scheme has two components. There is the phenomenon to be explained 
(the explanandum). Then there are the principles, which provide the explanation 
(the explanans). The explanans itself consists of two parts: general laws and initial 
conditions. The general laws are expressed in general symbolic forms (e.g., F = ma). 
To derive the explanandum we need to insert particular values into the general 
form. The particular values come from the initial conditions (for instance, a value 
for mass and acceleration). The explanandum then follows either as a logical con-
sequence from the explanans (DN model) or with high probability (IS model). Let 
P be the period of Mercury around the sun. P is the explanandum. According to 
Hempel’s DN model we explain P by showing that it falls under the explanans. 
In this instance, the explanans consists of Kepler’s third law, A3 µ P 2 (A is the 

Figure 2.11 (a) Hesperornis Regalis measured five and six feet in length and resem-
bled reptiles in sporting teeth. Source: T. H. Huxley, Collected Essays, Vol. IV [1898], 96; 
(b)  Hesperornis Regalis, showing side and upper views of half the lower jaw. Also views of a 
vertebra and a separate tooth. Source: T. H. Huxley, Collected Essays, Vol. IV [1898], 97
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 average distance of a planet from the sun, P is its period, which is the  explanandum) 
and the particular initial conditions (the average distance of Mercury from the 
sun). From the explanans, the value of P follows. Let R be the recovery of a par-
ticular person from an infection after treatment with penicillin. We can explain this 
recovery (explanandum) by considering (a) that 95 percent of patients with infec-
tions respond well to penicillin; (b) our particular patient suffers from a penicillin-
 treatable infection {(a) and (b) make up the explanans}. On the IS model, as stated 
in the scheme, the patient was likely to recover. This is a statistical explanation of why 
the patient got better. It is helpful if we think of both the physical parameters and 
the general laws, which enter the explanatory schemes, as quantifiable. Laws are 
(strict or statistical) structural regularities about the natural world. Laws of science 
encode structural information about the natural world. Hempel became persuaded 
that, under certain conditions, explanation and prediction are symmetric. Once 
general laws are available, the symmetry thesis between explanation and prediction 
becomes tempting. We explain an existent phenomenon by showing that its present 
occurrence falls under the law. We predict a not-yet-existent phenomenon by deriv-
ing its future occurrence from the law. We retrodict an already-gone phenomenon 
by deriving its past occurrence from the law.

Hempel’s models have been criticized on a number of particular issues, like the 
symmetry between explanation and prediction [Achinstein 1985, 169–81], the 
assumption that high probability is both necessary and sufficient for statistical 
explanation, and the general idea that subsumption of a phenomenon under a law 
explains the phenomenon. [See Kitcher/Salmon 1989]

Scientific explanations can be given of particular events, like the appearance of 
Halley’s Comet in 1759 or the mutation of a particular gene. More often science 
attempts to explain general features of the natural world, like the nearly elliptical 
orbits of planets or the “origin of species.” The more general explanations indicate 
that science is not really concerned with the deduction or inference of particular 
events from general laws, as the Hempel model seems to suggest. As we can see 
from Copernicanism and Darwinism, the task of science is to identify the most 
general structures of the physical world: the structure of planetary systems, the 
structure of the organic world. Laws play an important part in the identification of 
such structures. Physical systems are manifestations of structures. They consist of 
components, like the planets of the solar system, and their relations. The way the 
components are related is captured in the laws of science, like Kepler’s planetary 
laws. Darwin showed an appreciation of the importance of the structure of natural 
systems when he declared that “the structure of every organic being is related (…) 
to that of all other organic beings.” [Darwin 1859, 127; Weinert 2004, Ch. 2.5.1]

As explanation in the natural and social sciences involves different types of phe-
nomena, they may require different types of explanation. Not only are there differ-
ent models of explanation; the same phenomenon can be explained from different 
explanatory perspectives.

∞ 6.7.2 Functional models Organisms are so beautifully adapted to their local 
environments that deliberate design seemed to be the only possible explanation. 
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Teleological models, whether based on design or progressive evolution, assume 
that final purposes operate in nature. The function precedes the structure. The 
structure of an organ derives from the function it must satisfy. The Artificer desired 
blood to circulate in creatures. The function of the heart is to circulate blood. 
Therefore the Artificer created the heart. The Almighty Creator desired creatures 
to see. Therefore He created eyes. Lamarck is not committed to creative design. Still 
the use of the organ determines the structure. [Lamarck 1809, 113; Gould 2002, 
177] One difficulty with this teleological reasoning is that eyes are analogous 
structures, which developed independently 40 times in the history of life. This 
makes it less likely that function comes first. The evolutionists reverse this chain of 
reasoning. The function is the effect, not the cause, of an organ. The organ and its 
structure develop before the function. All differences of function, says Huxley 
[1863a, 115–23], stem from a difference of structure. Then the organ may adapt 
to new situations. It may even develop functions for which it was not originally 
selected. This is the Darwinian explanation of the emergence of conscious minds. 
Darwin’s evolutionary theory explains the adaptedness and diversity of organisms 
through the theory of descent with modification. Darwinism is therefore often 
seen as a functionalist theory, “leading to local adaptation as the environment pro-
poses and natural selection disposes.” [Gould 2002, 31; Dennett 1995, 228; Ruse 
2003, 264–70] The fitness of organisms is a function of their morphological 
characteristics and the environmental conditions, not of preordained design.

With Darwinian inferences it becomes possible to descend from the dizzy heights 
of pre-given functions to the mundane level of evolved functions. In the teleolo gical 
picture a preexisting function needs an organ. In the evolutionary picture the organ 
acquires a function. For instance, the ability to walk upright was a selective advan-
tage for early hominids who emerged from the forests to conquer the savannah. The 
selection of favorable characteristics is a response of the organism to environmental 
conditions. Functions are responses to selective pressures. Function can be explained 
causally, not teleologically. There is a set of causal factors, including the differential 
fitness of organisms and the structure of the environment, which make the effect 
probable: the ability to fly (the function of wings), to see (the function of eyes), to 
breathe (the function of lungs), to think (the function of the human mind). 
In order to avoid explanations in terms of final purposes, the biologist turns to 
Darwinian inferences. The Darwinian inferences expose a set of causal conditions, 
which are likely to have produced the observed effect. The Darwinian evolutionist 
does not claim that a given set of conditions will determine a resultant effect. 
Evolutionary theory is not Newtonian astronomy. The future development of a spe-
cies cannot be determined with astronomical precision from past and present condi-
tions of its lineage. Darwinian inferences revisit the past. The diversity of life, the 
adaptedness of organisms to their respective environments can be adequately 
explained by relating these observable effects to some prior causal conditions. This 
prior set is unlikely to include a traceable causal link. The prior causal conditions are 
to be located on the trajectory of the lineage to which the individual species belong. 
Functions are not mysterious. They receive a thoroughly naturalistic, causal expla-
nation. [Ayala 1995] In fact, they can be reduced to causal explanations.
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∞ 6.7.3 Causal models On entering the house, you switch on the light. Flipping 
the switch, so it seems, causes the light bulb to glow. You cannot see how the 
 electric current makes the bulb glow. But it is always possible to construct a circuit 
in a laboratory, which demonstrates how the light switch closes the electric circuit, 
allows the electrons to flow around it and to meet a resistor in a filament, which 
begins to glow. The good thing about a laboratory circuit is that the experimenter 
can control all the parameters that enter the physical situation. This control makes 
it very unlikely, although not logically impossible, that any other parameters are 
responsible for the observable phenomenon.

Causality is an important issue in human affairs because of its practical implica-
tions. Causality is the glue that holds events together. It matters in natural and 
social affairs whether we understand why some event happened. It allows us to 
tackle the medical and social ills that beset us. It helps us control and manipulate 
the environment. Understandably, philosophers have been interested in develop-
ing some conceptual models, which help to explain the issue. As with models of the 
mind, we will limit our attention to models of causality, which are of interest in the 
problem situations encountered in Copernicanism, Darwinism, and later 
Freudianism. [See Psillos [2002] for a discussion of various philosophical accounts 
of causation]

Hume’s insight was that causation was a matter of the regular succession of 
events: an effect, which regularly follows a cause. The cause was always prior to the 
effect and cause and effect were in spatial proximity. Such a characterization is 
obviously insufficient, for several reasons: (1) it is not the case that every E, which 
regularly follows an event, C, can be regarded as the effect of the prior event. The day 
regularly follows the night, low tide regularly follows high tide, and yet the night 
is not the cause of the day and high tide is not the cause of low tide; (2) some 
effects follow their cause only with a certain statistical frequency, which may be 
quite low. Consider the condition called ptosis. The drooping-eyelid  condition 
affects older people but with a low frequency. While it is a statistical fact that ptosis 
is the effect of old age, it is not the case that old age is the regular cause of ptosis.

Hume’s original insight has led to modifications – as in Mackie’s INUS account 
(Mackie 1980) – or alternatives – as in Lewis’s counterfactual analysis (Lewis 
1986). We will first consider a counterfactual approach, which is based not on 
Lewis’s notion of possible worlds but on Woodward’s idea of hypothetical inter-
ventions. Then we generalize Mackie’s INUS account to a conditional view of 
causality, for reasons which have to do with the applicability of causality to the cases 
at hand.
6.7.3.1 A counterfactual-interventionist account Woodward [2003] rightly 
stresses that causal models must be practical in the sense that they must reflect our 
causal practices. We encounter causation in accidents when the causal situation is 
beyond our control. But in human attempts to learn from the accidents and pre-
vent them in the future, a central feature of causation emerges. This central feature 
is that we analyze causal situations in counterfactual terms. Causal explanations 
answer “what-if-things-had-been-different-questions.” [Woodward 2003, 12] 
According to Woodward, we envisage hypothetical experiments or interventions, 
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by way of which we answer counterfactual questions: (1) “What would have hap-
pened to the plane if its engines had not caught fire?” (2) “What would have 
 happened to the asteroid if its orbit had been more elliptical?” (3) “What would 
have happened to the red squirrel population in Britain if the gray squirrel had not 
been introduced?” Finally, a hypothetical question, which Voltaire could have 
asked: (4) “What would have happened to the wild life in Britain if the wolf had 
not been exterminated in that country?” On counterfactual views of causation we 
will have grasped the causal conditions of an actual situation, if the envisaged 
change in the selected parameters, due to a hypothetical intervention, shows us 
how and by how much the actual causal situation would have differed from its actual 
occurrence. With respect to the first two counterfactual questions: if the plane 
engines had not caught fire and if the asteroid had had a more elliptical orbit, the 
plane would not have crashed into the mountain and the asteroid would not have 
crashed into Jupiter. Astronomers can calculate how much the hypothetical orbit 
of the asteroid would have had to differ from the actual orbit if its collision with 
Jupiter was to be avoided. The third question can be answered by looking at 
Continental countries: the red squirrel population in Britain would not have been 
decimated if the gray squirrel had not been introduced, all other conditions remain-
ing equal. Sometimes biologists can calculate the effect of the introduction of a 
predator into a new environment, if controlled experiments can be carried out.16 
The evaluation of the fourth counterfactual question involves the whole ecosys-
tem. The multifarious relations between the inhabitants of the ecosystem and the 
statistical nature of the principle of natural selection make it very difficult to answer 
this counterfactual question.

The counterfactual account then amounts to the view that a given condition is 
the causal factor, C, of a certain effect, E, if a specifiable hypothetical variation in the 
causal factor shows that without it the effect would not have occurred or would 
have occurred differently. This variation must be sufficiently large and invariant to 
have an impact on the counterfactual situation. A minute change, say in environ-
mental conditions, may not threaten the livelihood of a species. Even an unusual 
climatic event, like the rare eruption of a volcano, may not wipe out a species. On 
Woodward’s account, causation is a matter of counterfactual dependence between 
antecedent and consequent conditions. Yet the scientist cannot ask “what-if-things-
had-been-different-questions” before reasonable answers to actual causal questions 
are available. As long as no robust regularities are known, answers to counterfactual 
questions remain mere speculations. The scientist therefore needs to ask what the 
actual world is like before s/he can extrapolate from what is known about the actual 
world to a hypothetical world. Actual regularities imply counterfactual situations.

How, for instance, do we evaluate counterfactual questions in the social sciences? 
Could Freud have answered the question “What would have happened to my 

16 For instance, the coloration of guppies, a fresh water fish, is correlated to the number of predators in 
their environment: basically, the more numerous and aggressive predators are, the less colorful (“drab-
ber”) male guppies will become. This pressure, however, is counterbalanced by sexual selection: female 
guppies seem to prefer colorful males.
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patient if s/he had not experienced this particular neurosis-provoking event in 
her/his childhood?” Freud once said:

We find the most different reactions in different individuals, and in the same individ-
ual the contrary attitudes exist side by side. [Freud 1931, 233]

This admission did not prevent Freud from claiming that psychoanalysis was a 
 science, capable of general statements about human nature. If that is the case, how, 
say, will historians evaluate counterfactual questions about historical situations? 
“Would World War II have occurred if Hitler had been killed in a march on 
November 9, 1924?” As long as there are no regularities it is difficult to evaluate 
such questions with some degree of confidence. In the next chapter we will argue 
that the social sciences can rely on regularity patterns in the social world. But from 
a philosophical point of view, these patterns have the status of trends rather than 
laws. Nevertheless, as long as there exist relatively reliable patterns of behavior in 
the social world, at least some qualitative evaluation of counterfactual questions 
becomes possible. Given patterns of human behavior and evidence about historical 
events, it will be possible for historians to assess counterfactual situations. But this 
assessment will differ from the hypothetical situations that Woodward has in mind.

The preoccupation of the natural and social scientist with actual causal situations 
suggests a different approach to the topic of causality. What we will call a condi-
tional view of causality is a generalization and modification of Mackie’s INUS 
account of causation. [Mackie 1980]
6.7.3.2 A conditional model of causation Let us start with the causal–mechanical 
model, according to which there must be a traceable link between cause and effect. 
It is the most satisfying to our sense of explanation. Hume’s idea of regular succes-
sion between cause and effect is replaced by the idea of a traceable causal link 
between a cause, like the activation of a light switch, and the consequent effect, the 
burning of a lamp. It is the most satisfying but also the most restrictive model. 
[Salmon 1984; 1998; Dowe 2000; cf. Woodward 2003, Ch. 8.1–8.5] Similarly to 
Hume’s account, it imposes three conditions on a causal situation: that the cause, 
C, be temporally prior to the effect, E; that the cause, C, be in spatial proximity to 
effect, E; and that there be a traceable mechanism, which links cause, C, and effect, E. 
Accident investigations show that these conditions are often satisfied. But there 
are also many real-life situations where a traceable link cannot be established. As 
you lie on a hot summer beach, do you see how the ultraviolet radiation attacks the 
cells in your skin? Do biologists see how lineages split? Can neuroscience explain 
how consciousness emerges from brain processes? Did Newton see how a combina-
tion of the First Law and the law of gravitation kept the planets in their orbit? The 
answer is “no,” yet in all these situations we are comfortable to speak of a causal 
situation. Why? We are able to identify a cluster of actual causal conditions, which 
can be regarded as jointly sufficient to produce the effect, at least with an accepta-
ble degree of probability. That is, given the effect, the likelihood that these condi-
tions are not causally responsible for the effect is very small. In laboratory situations 
in the natural sciences, any external influences can often be excluded as practically 
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negligible. The potential effect of an excluded parameter can also be calculated. For 
instance, if the nucleus of an atom is fired at another atom, the observed “deflex-
ions” will not be due to the presence of electrons, because of the energies involved. 
In the natural environment, the influence of certain conditions on an observed 
effect may also be extremely unlikely. It is extremely unlikely that your morning 
coffee will contribute to your sunburn. This can easily be tested. Drink coffee in 
the morning and stay out of the sun. You will not get sunburn. By contrast, the 
exposure to ultraviolet radiation is very likely to be the cause of sunburn.

Any situation, which may be the effect of some prior state of affairs, is embedded 
in a great number of conditions. Of these, not all are causally relevant. The back-
ground conditions allow the normal running of things. Birds fly, plants grow, rivers 
flow. These processes happen according to regular patterns. We do not normally 
ask, “Why?” But planes crash, plants wilt, and rivers burst their banks. These events 
interfere with the normal running of things. We normally ask why the disturbance 
happened. Out of the normal background conditions, we select a cluster of (neces-
sary and sufficient) causal conditions.

A conditional model of causation is a generalization of Mackie’s model in terms 
of necessary and sufficient conditions.17 [Weinert 2004, §§5.35–5.36; 2007] It has 
three main features. Firstly, it claims that causal relations can exist between some 
antecedent and some consequent conditions even where we lack a traceable causal 
mechanism that would allow us to travel all the way from the cause to the effect 
and back. We may also lack the advantage of a regular succession, where regular 
succession means a law of nature. [See Chapter I, Section 6.5.3] As we shall see in 
Chapter III, causal relations between social events can be established in the social 
sciences, even though there are no social “laws” and only sometimes traceable 
mechanisms. Secondly, a conditional model is concerned with the actual causal 
conditions, which obtain in causal situations, rather than counterfactual situations. 
As we argued above, counterfactual scenarios are projections from lawful  regularities. 
The natural and social sciences seem mostly to be concerned with actual causal 
conditions. Thirdly, the conditional model sees causal relations as questions about 
conditional dependences between antecedent and consequent conditions.

17 If X is a necessary condition for Y, then in the absence of X, Y cannot occur. In Mackie’s words, 
“whenever an event of type Y occurs, an event of type X also occurs.” [Mackie 1980, 62] Thus the 
atmosphere around the Earth (X) is a necessary condition for life on Earth (Y). If X did not exist, life 
on Earth would be impossible; e.g., in the absence of X, Y would not have occurred. And in the absence 
of natural selection, on Darwin’s account, the diversification of species would not have occurred. Recall, 
however, a difference between Lamarck’s and Darwin’s view of evolution. On Lamarck’s linear view of 
evolution the emergence of humans is a necessary consequence of the evolutionary process. But on 
Darwin’s branching view of evolution, the emergence of the human species is only a contingent event 
in the history of life.
 If X is a sufficient condition for Y, then in the presence of X, Y will occur. But if X is not present, Y may 
still occur through some alternative process. Thus our sun is a sufficient condition for the solar system, 
which makes up the familiar nine planets. But there are other stars in the Milky Way, which are at the 
center of different solar systems. According to the evolutionists, certain environmental conditions (X) 
are propitious to the differential survival of a species (Y). But if the environmental conditions X change, 
the survival of the species Y may not be threatened if its members can adapt to the new conditions.
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In the absence of a traceable mechanism and regular succession, we may still be 
able to determine conditional dependences by focusing on a cluster of (necessary 
and sufficient) conditions, which are jointly sufficient to explain the effect. We can 
call the cause the antecedent (or prior) condition and the effect the consequent 
(or posterior) condition. We will consider some examples from the realm of 
astronomy and biology; Chapter III, Section 4 will analyze examples from the 
social world.

1. Planetary motion. We would be hard pressed to call the Copernican model a 
causal explanation. Copernicus offers no dynamic theory of planetary orbits. 
The Copernican model remained a kinematic description until Newton offered 
a dynamic theory of planetary motion. This can, to a certain extent, be regarded 
as a causal explanation. In a sense, planetary orbits are explained by taking the 
vector product of Newton’s law of inertia and the law of gravitation. Newton 
argued that in a world without gravitational forces, planets would move in 
constant rectilinear motion. The effect of gravitational pulls makes planets fall 
continuously toward the sun. The combination of rectilinear motion and the 
fall toward the sun produces the elliptical orbits of planets. But gravitation is 
not a causal mechanism that would allow us to trace the gravitational effects of 
the sun on the planet. Newton regarded gravitation as a force but he himself 
was mystified as to how the sun could exercise an effect on a distant planet. 
It would have to “reach” over immense distances in empty space. Although 
gravitation falls short of a causal, traceable mechanism, the combined effect of 
the law of inertia and the law of gravitation goes some way toward explaining 
why planets move in elliptical orbits around the sun. [Figure 2.12] Yet this 
explanation establishes a conditional dependence of the consequent conditions 

Figure 2.12 A classic case of causal explanation – idealized, planetary orbits
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168 Charles Darwin: The Loss of Rational Design

on the antecedent, causal conditions. The causal conditions in this example can 
be further differentiated into necessary and sufficient  conditions. Sufficient 
conditions are gravitational bodies – not necessarily planets, since satellites also 
fall under the Newtonian explanation. The necessary conditions are found in 
the lawful regularities, which govern the respective phenomena.

2. Can Darwinian histories, which we presented as inferences from the present 
state of an organism to its trajectory of descent, also be cast in the language of 
conditional dependence? There may be a problem, which will make its presence 
felt very strongly in the social sciences. It may not be possible to define a closed 
set of such prior causal conditions. Darwinian evolution is based on a statistical 
principle, giving rise to stochastic histories. Necessary conditions for adapta-
tion and diversity are the presence of oxygen and food resources for carbon-
based life. Such necessary conditions seem rather trivial, but it is sometimes 
possible to be more specific. For instance, is geographic isolation a necessary 
condition for the splitting of lineages, as Darwin thought? If sympatric specia-
tion (by mate preferences) is observed to occur, geographic isolation cannot be 
a necessary condition for speciation. Is gradualism a necessary  condition for 
evolution to occur? The true significance of gradualism is still controversial 
today. Although it is part and parcel of orthodox Darwinism, its controversial 
status in evolutionary theory prevents it from being simply postulated as a 
necessary condition. Such conditions pose challenges to future research in 
evolutionary biology. What about the sufficient conditions? The Darwinians 
explain that in the presence of a number of environmental and organismic 
conditions, the adaptation of an organism is a likely outcome. Knowledge of 
such sufficient conditions is of great importance where humans want to inter-
fere in the ecosystem of a species. The decline of a species, like the otter, has 
been halted because the conditions for their differential reproduction – the 
modern view of natural selection – are sufficiently known.

In terms of the availability of a cluster of necessary and sufficient conditions, the 
Darwinian is in a situation similar to that of a sociologist or a historian of political 
history. As we shall see, the historian can name a cluster of social and political 
conditions which is likely to have caused a war in a country. But it is very difficult 
for the social scientist to delineate a cluster of necessary and sufficient conditions 
which can be regarded as jointly necessary and sufficient for the occurrence of 
some historical or social event. Nevertheless, causal accounts exist in the social 
sciences, as we shall see. To explain them we require a philosophical model of 
causation which is adapted to social relations. Max Weber developed an account 
of what he called “adequate causation.” This account is a version of the condi-
tional model, developed in this section. It is adequate for the social sciences 
because it does without any idea of regular succession or causal links between two 
social events. It shows that the job of the social scientist is to construct causal 
models out of the existing social data such that a cluster of prior conditions can 
objectively be regarded as the most likely conditions to have brought about the 
effect in the social world.
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Like some social science accounts, Darwinian histories are explanatory. They 
may lack a causal, traceable mechanism in a strict sense. Under laboratory condi-
tions the mutation of a virus, like the AIDS virus, is directly observable. But out-
side of the laboratory, the work of natural selection can only be observed indirectly, 
as for instance in the case of industrial melanism (the blackening of moths in heavily 
polluted areas in nineteenth-century Britain). This lack of “direct” observation is 
due to the time scales involved in evolutionary changes. Most Darwinian trajec-
tories fail to specify a closed set of necessary and sufficient conditions which jointly 
determine the occurrence of some evolutionary event. Nevertheless, Darwinian 
inferences are rightly regarded as explanatory. Which type of explanatory model do 
Darwinian histories satisfy? Let us say that Darwinians regard them as conditional 
causal models, since the cluster of necessary and sufficient conditions spell out an 
adequate explanation of some evolutionary event.

But heliocentric and evolutionary explanations can also be viewed from the point 
of view of structural models of explanation, which will be treated here as a form of 
unification.

∞ 6.7.4 Structural explanations
In scientific investigation, it is permitted to invent any hypothesis and, if it 
explains various large and independent classes of facts, it rises to the rank of a 
well-grounded theory. [Darwin, The Variations of Animal and Plants Under 
Domestication, quoted in Smolin, The Life of the Cosmos (1997), 161]

There is no privileged account of explanation. Vast areas of scientific research will 
have to make do without the identification of causal mechanisms. As we approach 
the more historical sciences, we lose the ability to delineate a closed cluster of neces-
sary and sufficient conditions. Enhanced unification is, however, a feature of the 
hard sciences, like astronomy, physics, and biology. Unification occurs when appar-
ently unrelated phenomena – like the fall of an apple and planetary orbits or envi-
ronmental niches and the biogeographical distribution of species – are subsumed 
under a set of well-confirmed principles. By tracing the history of homologies to 
descent with modification, driven by natural selection, Darwinian explanations 
achieve unification. Unification is also enhanced by tracing the history of analogies 
to convergent evolution. The Copernican model makes a step toward unification 
of terrestrial and celestial phenomena by assigning a heliocentric structure to the 
observations and adopting an impetus theory of motion. Unification can be 
described in terms of embedding. [Friedman 1981; Kitcher 1989] Observable 
phenomena are embedded into some larger, relatively abstract theoretical struc-
ture. We explain terrestrial and celestial motions by embedding them into 
Newtonian mechanics. We explain various biological phenomena by embedding 
them into Darwinian evolution theory. These theoretical structures have consider-
able unifying power.

Structural explanation is a form of unification. Structural models emphasize 
structural features of explanation. In its most fundamental sense, a structural 
explanation occurs when the properties or behavior of a complex system can be 
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modeled. That is, we can construct a model that represents the structure of the 
system. We assign an underlying structure to the observable phenomena. [McMullin 
1985; Hughes 1989, 256–8] This is more easily said than done. We often have a 
host of observations. They need to be assigned to a coherent structure to make 
sense. The solar system has a structure, so does the DNA molecule. Generally, 
physical systems are manifestations of structure. A structure consists of a set of 
components and regular relationships between them. The solar system consists of 
nine planets and a central sun. These elements in themselves do not yet constitute 
a structure. For once these elements are collected, the question arises how they are 
to be arranged. The Greeks arranged the planets in a geocentric, the Copernicans 
in a heliocentric order. To arrive at a structure, a question needs to be answered: 
How are these elements arranged with respect to each other? The relationships 
between the planets and the sun are expressed in Kepler’s laws. Typically, we look 
for quantifiable relationships. In the Darwinian model, the elements are the organ-
isms and they are related by trajectories of descent. Once we have identified the 
elements of the structure and the regular relationships between these elements, we 
have identified the structure of the system. The job of a model is to represent some 
aspect of the structure of the physical system. As we saw in Chapter I, this observa-
tion gives rise to questions of structural realism and scientific representation. 
Above, we distinguished between the topologic and the algebraic structure of 
models. The emphasis may at first be on the topologic structure, the spatial arrange-
ment of the components. Models always raise the question of how the elements are 
related to each other. Our choice of topologic structure has consequences for the 
algebraic arrangement of the components.

The algebraic structure puts more emphasis on the mathematical relationships 
between the elements of the structure. This step from the topologic to the alge-
braic structure can be observed in both Copernicanism [Figures 2.12, 2.14] and 
Darwinism [Figure 2.9, 2.11]. The heliocentric model and the branching model of 
life are topologic models. They put a strong emphasis on the geometric arrange-
ment of elements. [Figures 2.13, 2.6, 2.10].

The topologic structures can be augmented by planetary laws and genetic trajec-
tories, respectively. They are mathematically more elaborate and add algebraic 
structure to the model. A structural explanation consists in assigning a model 
structure to a system in the real world. As in the case of unification, the mere 
assignment of a structure is not sufficient to reach genuine explanatory levels. The 
model structure must approximately fit the structure of the real system. The geo-
centric model must fail because the structure it assigns to the real world does not 
fit the real structure of the planetary system. Design models also fail because the 
hierarchical, teleological structures they assign to the organic world fail to fit the 
facts. The requirement that the model structure must represent the structure of 
the system modeled is based on the realist assumption that scientific models must 
bear some structural resemblance to a part of the real world. What does it mean 
that the model fits the world? We can approach this question in terms of our notion 
of constraints. The model structure must satisfy the constraints in terms of obser-
vational data, mathematical theorems, and theoretical principles. Both heliocentric 
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and evolutionary models satisfy the constraints more comfortably than their rival 
models. A model is a better representation of an empirical domain, if it satisfies 
more constraints than its rival models and if the constraints are justified.

Structural models are typical responses to structural questions. Causal models 
are typical responses to “why-questions.” In the ideal case, we can trace a causal 
mechanism. When this fails, we may still be able to identify a cluster of causal 

Figure 2.13 A simplified Copernican model of the solar system. It concentrates on the 
topologic structure, but includes some algebraic elements because of the inclusion of the 
length of orbital revolutions

Figure 2.14 Kepler’s area law. Areas A and B have the same size. In its orbit around the 
sun the planet sweeps equal areas in equal times. Nearer the sun, the planet moves faster 
than further away from it
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 conditions. Causal and structural models are perfectly compatible with each other. 
We can ask: Why do planetary systems exist? This question sounds like a request for 
a causal explanation. Although the Newtonian model is unable to offer a traceable 
causal mechanism, its answer comes in terms of a cluster of conditions, which 
include Newton’s law of inertia and the law of gravitation. Why do species adapt? 
This too seems to be a request for a causal explanation. Again there is no traceable 
causal mechanism. An answer can still be derived from the Darwinian model. 
If a change in the environment occurs, which does not threaten the living con-
ditions of a species, and the condition of isotropic variation is satisfied, natural 
selection provides a causal answer to the question.

We may not be interested in cause–effect relationships. Our focus may be on 
understanding the structure of a system. This is a request is for a structural explana-
tion. Copernicus asked: What is the structure of the solar system? Two hundred 
years later Kant asked: What is the structure of galaxies? And what is the structure 
of the cosmos? The Copernican–Newtonian model can provide structural explana-
tions. Lamarck asked: What is the structure of evolution? He answered, structur-
ally, with his model of progressive evolution, which includes the inheritance of 
acquired characteristics. Darwin, too, desired to know what was the structure 
behind the diversity of life. His theory of descent with modification provided a 
structural explanation. Once structural models reach a satisfactory level of fit, they 
provide unification.

It is not surprising that models of explanation always return us to the philo-
sophical question of realism. For science is about the real world. Any stipulation of 
structure, causal mechanism, and unification poses the question of fit between the 
stipulated structure and the structure of systems in the natural world. We must 
briefly return to the question of realism.

6.8 A brief return to realism

I have often personified the word nature; for I found it difficult to avoid this 
ambiguity; but I mean by nature only the aggregate action and product of 
many natural laws – and by laws only the ascertained sequences of events. 
[Darwin quoted in Crombie 1994, Vol. III, 1751; Ellegård 1958, 181 for 
further references]

We have spoken of the explanatory values of Darwinism. They reside in the pro-
posal of a structure, which unifies many hitherto unrelated phenomena. Darwin’s 
theory also proposed a causal account, in terms of necessary and sufficient condi-
tions. Through random mutation and preservation of favorable modifications, 
both the existence of lineages and the adaptiveness of species to their respective 
environments can be explained. But now the question of realism and instrumen-
talism concerning this mechanism returns.

Darwin himself was cautious: the theory of natural selection could not be tested 
by direct inference from the evidence. [Darwin 1859, Editor’s Introduction, 15; 
Lloyd 1983] Darwin was not in a position to demonstrate conclusively that 
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 evolution had occurred. He tried to show that it was the most adequate  explanation, 
which fitted the facts better than rival theories. On the strength of the available 
evidence descent with modification was the only admissible inference. Yet when he 
descended into the details he could not show how random mutation occurred, why 
some species changed while others did not, what was the precise extent of the 
operation of natural selection. Darwin added sexual selection as an additional prin-
ciple to account for apparent nonadaptive change. He even began to talk of the 
inheritance of acquired characteristics, believing that he had overemphasized the 
role of natural selection. [Darwin 1871, Part I, Ch. 2, 81]

On the threshold of the twenty-first century, many of Darwin’s original difficul-
ties have been cleared up. The theory has also increased in scope to explain such 
diverse phenomena as sexual and asexual reproduction, the sex ratio problem (why 
there are approximately equal numbers of males and females), and the evolutionary 
advantage of altruism. Evolutionary psychology claims an even greater scope for 
the theory, for it wants to explain mental facts by reference to evolutionary princi-
ples. [See Chapter III, Section 5.2]

In Darwin’s time the model of natural selection had mere empirical validity. 
From the theory a family of models could be derived, which shared the same fun-
damental structure. They inhabit the same constraint space. These models allow 
Darwinian inferences to address specific problems, like the biogeographical distri-
bution of species and their varieties. The models give results that conform to the 
empirical data: the evolutionary theory produces a good fit between its models and 
the data. The theory is empirically valid because its basic structures provide a plau-
sible explanation and discredit rival explanations. However, we want more than an 
agreement of its models with the empirical data. The history of Copernicanism and 
Darwinism shows that scientists wish to know whether the basic principles – the 
algebraic structures – are valid. They aspire to theoretical validity. There must be 
an accurate representation of the model structure with the structure of the empiri-
cal domain. But at the end of the nineteenth century it would have been difficult 
to claim that the theory was also theoretically valid. It had not yet been established 
beyond reasonable doubt that the mechanism and structure assigned to the data 
also represented the mechanism and structure operative in nature. Recall that 
Darwin’s basic mechanism – natural selection – was in doubt; equally in doubt 
were the source of random genetic variation and the time frame required for grad-
ualist evolution to take effect. To improve the explanatory value of the theory, and 
to make a step from empirical validity to theoretical validity, independent tests of 
both the model assumptions (extrapolationism, gradualism, isotropic variation) 
and the assumed mechanism as a sufficient causal condition must become available. 
Luckily for Darwinism, new dating techniques soon confirmed that the Earth was 
billions of years old. Industrial melanism – the adaptation of moths in nineteenth-
century England to the blackening of tree barks in heavily polluted industrial areas – 
provided early indications that natural selection was at work in nature. Today the 
observable mutations of the AIDS virus, under laboratory conditions, supply one 
of the best pieces of evidence that natural selection operates in nature. [Jones 1999] 
Unluckily for Darwinism, all of its model assumptions have been challenged, both 
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by those who stand in the Darwinian tradition [Gould 2002; Kauffman 2004] and 
by those who dismiss its inferences as inadequate [Behe 1996; Dembski 1998]. 
Darwinism, like Copernicanism, was at first compatible with instrumentalism. 
Evolution was accepted as a fact of nature. But natural selection as an exclusive 
causal mechanism fell under a cloud of suspicions. Nevertheless, Darwinism slowly 
began to shed the instrumentalist trappings. The merger of genetics and Darwinism 
and the development of molecular biology were further promptings which nudged 
evolutionary theory toward a realist interpretation.

6.9 Darwin and scientific revolutions

When the views entertained in this volume on the origin of species, or when analo-
gous views are generally admitted, we can dimly foresee that there will be a consid-
erable revolution in natural history. [Darwin, Origin of Species (1859), 455]

There is unanimous agreement that Darwin was the author of a significant revolu-
tion in science. Darwin satisfies the criteria for a scientific revolutionary.

Firstly, he switched perspectives. Do not explain the observable biological phe-
nomena from the point of view of an intelligent designer. Explain them from 
the point of view of naturalism. The switch in perspective leads to massive shifts in 
the conceptual network: the rejection of design and the constancy of species; a 
heavy emphasis on the impact of the environment on the trajectory of species; the 
importance of random mutation and the beneficial effect of cumulative selection. 
To qualify as a revolution more is needed than a switch in perspective and an 
attendant realignment of conceptual links in the underlying theory. After all, 
Lamarck, too, switched perspectives with respect to the design argument. The 
difference between Lamarck and Darwin resides in the testability of the proposed 
natural mechanism. Darwin proposed natural selection as a testable mechanism.

Secondly, the new theory must also be explanatory. It must solve some outstand-
ing problems. It does so by adopting new methods and techniques. Certainly, 
Darwin provided an adequate solution of the fundamental problem of his time: the 
diversity of species. It also provided an elegant account of the hominoid fossil 
record. Lamarck failed to solve these problems, because his proposed mechanism 
could not claim much credibility. The new model may at first command no more 
than empirical adequacy. That is, it may be one among a number of theoretical 
accounts that can cope with the evidence. But testability requires that the model 
structure be both empirically and theoretically valid. That means that the theory 
fits the evidence, has survived independent tests for its principles, and has gained 
this credit by discrediting some rival model. A consequence of theory change is 
often the commitment to alternative methods of explanation. The Darwinians 
made heavy use of historical inferences. They practiced Baconian induction, under-
stood in its proper sense as eliminative inductivism. Darwinism is not a good exam-
ple of hypothetical deductivism. It is not true that all serious science must proceed 
by Popperian falsification. Do we require that predictive power is a necessary ingre-
dient of revolutionary change in science? This would be too restrictive, since it 
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would exclude Darwin’s revolution. But we should require the accommodation of 
already known facts. The new theory must accommodate some independently 
known facts. It must have some new deductive consequences, even if it fails to 
make precise predictions. Darwinism satisfied this criterion to perfection. The 
accommodation must succeed on the restrictive condition that any rival models fail 
to incorporate the known facts.

Thirdly, a new tradition emerges through a chain-of-reasoning process. Darwin 
certainly started such a chain of reasoning, which would ultimately lead to neo-
Darwinism. But fourthly, the evolutionary tradition does not yet command unani-
mous consensus. In the nineteenth century other paradigms in biology were being 
discussed, which constituted parallel developments (German Naturphilosophie, 
Buffon’s system). The emphasis of the German Naturphilosophen (Goethe, Oken) 
on form, rather than function – “form shapes function” – has left echoes in modern 
structuralist approaches to evolution. The Darwinian tradition is opposed by ID 
and within this tradition there is no consensus on all the elements of the discipli-
nary matrix. There are a few rival models but a number of alternatives. At first, 
all agreed on branching evolution and the non-fixity of species. But the central 
mechanism – natural selection – was either not fully accepted or its extent was 
questioned. Around the turn of the century, some Darwinians (Huxley, de Vries) 
preferred saltationism to Darwin’s gradualism. Today some Darwinians propose to 
replace the idea of gradual, imperceptible changes with the concept of punctuated 
equilibrium. [Gould 2002] Nor is there agreement on the unit of natural selection. 
Darwinians traditionally regard the individual organism as the unit of selection. 
But further candidates have been proposed: the gene [Dawkins 1976; 1988] and 
species selection. [Gould 2002; see Mayr 2001] There is no general consensus 
among the Darwinians with respect to the extent of adaptation. We have already 
observed that Darwin accepted nonadaptive changes, especially in his views of 
human nature. But some Darwinians are more radical and envisage alternatives 
such as structuralism and internal constraints. These approaches resist the attempt 
of orthodox Darwinism to explain as many features as possible as adaptations. They 
emphasize instead that adaptationism should acknowledge the existence of con-
straints in the form of physical limits to organisms’ ability to adapt to new environ-
mental pressures. There is a physical limit, for instance, on how tall two- and 
four-legged creatures can grow. [See Gould (2002) for an overview] Generally, 
then, there is still not as much convergence on the details of the Darwinian tradi-
tion as there is on the Copernican–Newtonian model of the solar system.

A revolution is not necessarily succeeded by a new form of normal science, as 
Kuhn claimed. We should note this difference with the Copernican revolution. 
Although Darwinism accommodates a number of alternative models within a 
common constraint space, Darwin’s work can still be regarded as a true revolution 
in science.

But Darwin’s revolution does not really fit Kuhn’s picture. [Greene 1980] There 
is not much evidence in the Darwinian revolution of a gestalt switch or of a break-
down in communication or even a period of normal science. Darwin focuses much 
of his critical attention on the theory of special creations and, to a lesser extent, on 
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Lamarck’s progressive evolutionism. Darwin carefully considered the rival models 
and found them inadequate, on empirical and theoretical grounds. Darwin’s model 
had its opponents and its proponents. They reasoned with each other. Darwin’s 
friends were engaged in argument with Darwin’s detractors. Among themselves, 
opponents and proponents deliberated the pros and cons of the theory. Just as 
in the history of Copernicanism, there is differential agreement on fundamental 
principles and reasoned transitions. [Shapere 1966, 1989; Cohen 1985a; Chen/
Barker 2000]

This chapter has reconstructed the chain of reasoning that leads from the pre-
revolutionary to the post-revolutionary period. If we regard the elements of a model 
as units, which are bound into a structure by specific relationships, we can imagine 
playing games with the model structure. Add and reject elements, move others to 
different locations, and we change the algebraic and topologic structure of the 
model. If we are willing to cross the constraints of the logical spaces, we can work 
backward from a heliocentric to a geocentric model, from an evolutionary to a design 
model. This conceptual game underscores a conceptual point: revolutions in science 
are more like chain-of-reasoning transitions than knock-down-and-rebuild demoli-
tions. Chain-of-reasoning transitions between pre- and post- revolutionary periods 
allow us to trace the changes that link the old and the new. The changes are based on 
arguments that lead to modifications of the old traditions. This procedure results in 
traceable lines of descent between theories and models. The operations will include 
additions, deletions, and replacements in the conceptual network. Chain-of-reasoning 
transitions show lines of continuity and discontinuity through periods of scientific 
revolutions. They are concerned with a reconstruction of the problem situation at 
hand. They evaluate the solutions in the light of the accepted problem.

6.9.1 Philosophical consequences What were the philosophical consequences of 
the Darwinian revolution?18 [Dewey 1909; Haeckel 1866, Ch. IV; Dennett 1995, 
201–2] Quite generally, the loss of rational design. Darwin replaced teleology with 
naturalism; design with natural selection. Darwin did not regard species as essences. 
They were populations of individuals with slight variations. The variations could be 
beneficial or nefarious. Evolution could only get under way under this basic assump-
tion of isotropic variation. Darwin liberated biology from the dogma of essential-
ism and replaced it with population thinking. Materialism, though not in a crude 
sense, was a further consequence of Darwinism. Darwin stressed the importance of 
empirical evidence in biological explanations. Darwin did not share the belief in 
determinism to which both Huxley and Haeckel swore their allegiance. Material-
ism and biological indeterminism lead to a fluid view of the biological world. The 
Darwinians certainly believed that the organismic world was in a state of flux.

18 Recall that we distinguished above (Section 6) between deductive, inductive, and philosophical 
consequences of scientific theories. Deductive consequences can be deduced from the principles of a 
theory and are in general testable. Inductive consequences follow from the principles with a certain 
probability. Philosophical consequences do not follow from the theory with mathematical rigor or 
probability but suggest themselves as being philosophically compatible with the presuppositions of the 
theory. They are not strictly testable.

9781405181846_4_002.indd   1769781405181846_4_002.indd   176 7/31/2008   9:53:17 AM7/31/2008   9:53:17 AM



 Charles Darwin: The Loss of Rational Design 177

The Darwinian revolution also had an impact on the philosophy of mind. As the 
Darwinians included humans in the realm of nature, they were forced, by the logic 
of their argument, to explain the manifest superiority of the human brain. This 
included a naturalist explanation of the existence of mental phenomena.

Thereby Darwinism had a significant impact on psychology, for it represented 
the phenomena of mind as facts of nature. [Darwin 1859, 458; Nature 26, 
1882] Throughout his career, Freud was eager to present psycho-analysis as a 
scientific discipline. It deserves, he claimed, the same scientific credibility as 
physics. Sometimes the claim is made that Darwin completed the “final stage of 
the Copernican revolution that had begun in the 16th and 17th centuries under 
the leadership of men like Copernicus, Galileo and Newton.” [Encyclopaedia 
Britannica Vol. 18, 1991, 856] Freud disagreed. He believed that his discovery 
of what I shall call the loss of transparency opened a third stage of the Copernican 
revolution, to which we now turn. He saw in it a further assault on the nobility 
of humankind.
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Essay Questions

 1 Explain the major differences between Lamarck and Darwin. In what way 
does the Darwinian view constitute progress over Lamarck’s view?
 2 Explain and evaluate the difference between design arguments and evolu-
tion arguments.
 3 Discuss the philosophical presuppositions inherent in Darwinism. What role 
do they play?
 4 Explain the difference between progressive and branching evolution.
 5 Why did the gaps in the fossil record constitute a problem for Darwin’s 
theory?
 6 In what way does the antiquity of man constitute a problem for creationism?
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 7 How did the view of the emergence of species change under the impact of 
Darwinism?
 8 Explain what it means that Darwin produced explanatory structures and what 
they achieved.
 9 What’s wrong with the widespread view that “we descend from the apes”? 
What is the correct Darwinian view?
10 What is the structure of Darwinism and Darwinian explanations? Consider 
the difference between explanation and prediction.
11 Explain the major achievements of the Darwinian revolution.
12 What do we understand by a scientific revolution? Were Copernicanism and 
Darwinism scientific revolutions?
13 Critically discuss the applicability of Kuhn’s paradigm model of scientific 
revolutions in the context of the Darwinian model.
14 In which sense could you use Darwinism to support, respectively, instru-
mentalism and realism?
15 Explain how the Origin of Species leads to the Descent of Man. What aspects of 
evolution were particularly important?
16 What did the Darwinians mean by a materialist explanation of humans’ 
mental and moral capacities?
17 Can Darwinism be regarded as supporting an emergentist theory of the 
mind?
18 Is the distinction between falsifiability and testability justified in the context 
of Darwinism?
19 Should Darwin’s theory be characterized as eliminative inductivist or as 
hypothetical deductivist?
20 In what sense is the Darwinian theory a structuralist account of the natural 
world?
21 In what sense is the Darwinian theory a causal account of the natural world?
22 Does the notion of Darwinian trajectories make sense?
23 What are Darwinian inferences?
24 What arguments does Darwin employ against Creationism?
25 Is Intelligent Design a serious competitor to Darwinism?
26 Explain the emphasis in evolutionary psychology on both particular and 
universal aspects of the human mind.
27 How does Darwinism explain the emergence of the mind from the brain?
28 How do the Darwinians apply natural selection to human nature?
29 What did Darwin mean when he wrote that “Psychology will be based on a 
new foundation”?
30 If models are ways of representing the natural and social world, how is this 
representation achieved?
31 The DN model assumes the symmetry of explanation and prediction. Use 
examples from biology to evaluate the appropriateness of this assumption.
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Psychology will be based on a new foundation, that of the necessary acquirement 
of each mental power and capacity by gradation. [Darwin, The Origin of 
 Species (1859), 458]

1 Copernicus, Darwin, and Freud

Human beings have an instinctive tendency to fend off intellectual novelties. 
[Freud, Introductory Lectures on Psycho-Analysis (1916a), 214]

Freud was eminently aware of his illustrious predecessors, Copernicus and Darwin. 
The twentieth-century dominant self-image as psychological man is greatly due to 
Freud, who had a significant influence on our language and thought. Freudian 
terminology has penetrated our vocabulary. It has provided us with coherent ways 
of “understanding” dreams and Freudian slips. Despite Freud’s claims to scientific 
respectability, his psychoanalytic theory has not been unanimously accepted as a 
contribution to scientific thought. There are good reasons for this reluctance. 
Freud belongs to a handful of thinkers in the Western tradition, whose impact on 
the way we think has been as significant as his contribution to science has been 
judged insignificant. If the Copernican and Darwinian theories are reasonable 
 representatives of scientific revolutions, Freud’s theory is a candidate for a revolu-
tion in thought. The doubts about Freud are regularly aired in the features articles 
of international news magazines.

In the 1880s Ernst Haeckel and Emile du Bois Reymond spoke of Darwin as the 
Copernicus of the organic world. In 1877 a new journal was launched in Germany. 
Kosmos was devoted to a unified worldview on the basis of Darwin’s evolutionary 
theory. In its first edition it links Copernicus and Darwin: both robbed humans of 
their privileged position in the universe. In the 15th edition of the Encyclopaedia 
Britannica we find the claim that Darwin completed the Copernican revolution, 
because Darwin subjects the diversity and complexity of life to the laws of nature.

III

Sigmund Freud: The Loss 
of Transparency
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186 Sigmund Freud: The Loss of Transparency

Freud could not agree with this characterization. Freud regarded his own 
 contribution as the final piece in the completion of the Copernican revolution. On 
a superficial level, Freud explains, the resistance to psychoanalysis is due to the 
unfamiliarity of the subject:

But in thus emphasizing the unconscious in mental life we have conjured up the most 
evil spirits of criticism against psycho-analysis. Do not be surprised at this, and do not 
suppose that the resistance to us rests only on the understandable difficulty of the 
unconscious or the relative inaccessibility of the experiences, which provide evidence 
of it. Its source, I think, lies deeper.

It is the deeper level that explains the resistance. The deeper level has to do with 
cultural history:

In the course of centuries the naïve self-love of men has had to submit to two major 
blows at the hands of science. The first was when they learnt that our earth was not the 
centre of the universe but only a tiny fragment of a cosmic system of scarcely imagin-
able vastness. This is associated in our minds with the name of Copernicus, though 
something similar had already been asserted by Alexandrian science. The second blow 
fell when biological research destroyed man’s supposedly privileged place in creation 
and proved his descent from the animal kingdom and his ineradicable animal nature. 
This revaluation has been accomplished in our own days by Darwin, Wallace and their 
predecessors, though not without the most violent contemporary opposition.

These two blows, which we characterized as the loss of centrality and the loss 
of rational design, will be reinforced by another blow, delivered by Freud:

But human megalomania will have suffered its third and most wounding blow from 
the psychological research of the present time which seeks to prove to the ego that it 
is not even master in its own house, but must content itself with scanty information 
of what is going on unconsciously in its mind. We psycho-analysts were not the first 
and not the only ones to utter this call to introspection; but it seems to be our fate to 
give it its most forcible expression and to support it with empirical material which 
affects every individual. Hence arises the general revolt against our science, the disre-
gard of all considerations of academic civility and the releasing of the opposition from 
every restraint of impartial logic. [Freud 1916b, 284–5]

“The ego is not master in its own house” – the ego is driven by subconscious 
motives, of which it is not aware. The motives are not transparent to it, although 
psychoanalysis claims to be able to unearth them. Hence humans suffer another 
blow: the loss of transparency.

Freud’s followers have understandably been very pleased with this apparent line-
age of Freudian ideas. Freud will be hailed, not only for his empirical discoveries, 
but also for his revolution in thought:

Like Copernicus and Darwin, the men with whom he compared himself, Freud 
revolutionized our way of looking at ourselves, and like them he may well come to 

9781405181846_4_003.indd   1869781405181846_4_003.indd   186 7/31/2008   9:53:30 AM7/31/2008   9:53:30 AM



 Sigmund Freud: The Loss of Transparency 187

be regarded rather as a moulder of thought than as a mere discoverer of facts. 
[Brown 1962, 2]

The problem is that many people disagree. The lack of consensus on Freud’s 
 scientific achievements is an indictor that he should not be treated as a scientific 
revolutionary without a thorough analysis of his theory. In 1946, Wittgenstein 
 succinctly expressed what 30 years later would become the dominant view:

Through his fanciful pseudo-explanations (precisely because they are brilliant) Freud 
has performed a major disservice. [Wittgenstein 1980, 55]

After a hundred years of Copernican and Darwinian theory, respectively, a major 
consensus on their scientific credibility was established. After a hundred years of 
Freudian theory there is still a major disagreement about his scientific credibility. 
The suspicion that falls on Freud’s contributions to science is strengthened by a 
comparison with Copernicus and Darwin. An examination of the scientific status 
of Freudian theory, especially from the point of view of the inferential practices we 
have observed before, is one of the aims of this chapter. The others concern the 
epistemological status of the social sciences. As we shall see, Freud’s theory is curi-
ously poised between a commitment to empiricism and hermeneutics. Although 
Freud wishes to practice psychoanalysis as a natural science, he constantly has to 
borrow techniques from the social sciences. In this chapter Freudianism serves as a 
launching pad for a philosophical consideration of the social sciences. As in the 
previous chapters, we use the concrete material from the study of Freudianism to 
consider philosophical issues, which arise from its problem situation. We will be 
interested in establishing similarities and dissimilarities between the natural and the 
social sciences. It will be necessary to go well beyond Freud and consider Weber’s 
contributions to the methodology of the social sciences. We will also return to the 
question of human nature, which provides a genuine link between Darwin and 
Freud, between evolution and psychology.

2 Some Views of Humankind

Thus in general a man is only accessible from the intellectual side too, in so far 
as he is capable of a libidinal cathexis of objects [Objektbesetzung] (…). [Freud, 
Introductory Lectures on Psycho-Analysis (1916b), 446]

We have interpreted Freud’s claim to have completed the Copernican revolution as 
a loss of transparency. As humans do not seem to be master in their own house, 
Freud’s claim amounts to the view that human behavior is grounded in less ration-
ality than had been hitherto been assumed. Freud does not deny that rational 
motives play a part in human behavior. But he conceded rational reasons for human 
behavior less scope than the Enlightenment philosophers, who were much con-
cerned with human nature. Throughout his career Freud consistently attributed to 
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drives a greater role in human behavior than to reasons. In his early theory of 
 sexua lity, he writes:

The behaviour of a human being in sexual matters is often a prototype for the whole of 
his other modes of reaction to life. [Freud 1908, 93; italics in original]

He repeats this view in his Vienna lectures on psychoanalysis:

But what is reasonable is only part of mental life, a number of things take place which 
are not sensible (…). [Freud 1916a, 211]

And in his relatively late work on the evolution of culture and the future of  religious 
beliefs, he again emphasizes that

Men are so little accessible to reasonable arguments and are so entirely governed by 
instinctual wishes (…). [Freud 1927a, 47]

Given the consistency of his views on the role of unconscious motivations in human 
behavior, there is little doubt that Freud knowingly departed from the Enlighten-
ment tradition in philosophy. While Freud preached the loss of transparency, the 
Enlightenment philosophers emphasized the gain of transparency. Let us briefly 
consider some Enlightenment views on human nature and consider Nietzsche as a 
precursor to Freud.

2.1 Enlightenment views of human nature

David Hume held that the motives of human actions are mostly desires, which reason 
cannot change. With the exception of Hume, most Enlightenment philosophers 
regarded human beings as mainly ruled by reason. They do not deny that desires 
play a part in human behavior. Kant admits, for instance, that humans are torn 
between desires, feelings, and reason. But reason is such that it can overcome the 
dictate of feelings. Famously, Kant defined the Enlightenment as “the emergence 

from self-inflicted immaturity.” Intellectual immatu-
rity is “the inability to use one’s own reason, without 
external guidance.” Kant regards the immaturity of 
individuals as self-inflicted because it is often due to 
laziness and cowardice on their part. As a motto for 
the Enlightenment Kant proposes: Sapere aude! – or 
have the courage to use one’s own reason. [Kant 
1784] Kant admits that sometimes the immaturity of 
the unenlightened public is due to shackles imposed 
by society. There may be a lack of political freedom, 
as in a  dictatorship. Or social and cultural inhibitions, 
imposed by  religious tyrannies or ideologies, may 
stifle the  blossoming of maturity. Nevertheless, Kant Immanuel Kant (1724–1804)
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believes that the freedom to use one’s own reason, rather than a political revolution, 
“allows an entire public to enlighten itself.” But such enlightenment processes take 
time. On the personal level, the individuals must embrace the motto “sapere aude.” 
On a societal level, the flou rishing of education and culture are preconditions to 
move a society toward an enlightened age. Kant regards the obstruction of this 
cultural and political progress by an authoritarian ruler as a violation of human 
nature. The fulfillment of the Enlightenment project – overcoming ignorance, 
blocking blind traditions, and increasing knowledge – are for Kant a fundamental 
human right.

A revealing metaphor of the Enlightenment appeals to a property of light. 
Throwing light on a situation means that the situation gets illuminated. The general 
thrust behind the Enlightenment is that the acquisition of knowledge removes the 
dark presuppositions, which hinder progress. Consider the question of disease. As 
long as there is no empirical knowledge of what causes a particular disease, the treat-
ment of disease is a haphazard affair. It is entirely dependent on wild assumptions 
about the causes of disease. But when Pasteur discovered in 1879 that bacteria cause 
disease, vaccination became an effective control against certain types of disease. The 
situation that requires illumination also may be political, societal, or religious. The 
Enlightenment demands that light be thrown on unjustified autho rity, on unwar-
ranted assumptions. To demand justification for political or religious authority is to 
demand reasons for its existence. To ask for justification of unwarranted assumptions 
is to ask for the reasons behind the assumption. The provision of reasons makes 
assumptions more transparent. As we have seen, the Parisian school questioned the 
unquestioned assumptions behind the Aristotelian view of motion. Darwin ques-
tioned the assumptions behind the Great Chain of Being. In Kant’s view the rule of 
reason bestows transparency on human behavior. On a personal level the courage to 
use one’s own reason will make the motivations behind one’s behavior less opaque. 
On the societal level the use of reason will make the assumptions, on which the life 
of society is based, more transparent. As Kant was aware, the Enlightenment project 
was postulated as a philosophical ideal. He did not believe that his eighteenth-
 century Prussian society had reached an enlightened age. But on the strength of the 
development of science and the Enlightenment philosophy he believed he lived in an 
age of Enlightenment. Kant thought, rather naively, that the general march toward 
an enlightened age was unstoppable. But Freud cast a serious doubt on the rationa-
lity assumption of the Enlightenment. It seems that light cannot penetrate the darker 
recesses of an individual’s motivational space. According to Freud, we are driven by 
unconscious dynamic motivations. Reasons seem to play only a minor role in the 
husbandry of our mental affairs. If Freud is right about the unconscious forces lur-
king behind our actions, then we suffer a loss of transparency as individual agents. 
But is the transparency not regained by psychological knowledge? It may be true 
that each and every indivi dual fails to be master in their own house. Has Freudian 
psychology not the power to turn on the light? Freud, the Freudians, and many 
cultural commentators think so. Unfortunately, such claims provoke disagreement. 
The existence of unconscious forces, the therapeutic value of psychoanalysis, and the 
Freudian methods of investigation have all come under attack.
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2.2 Nietzsche’s view of human nature

Before my time there was no psychology. [Nietzsche, Ecce Homo (1888), “Why 
I am a Fatality,” §6]

By his own admission, Freud avoided reading Nietzsche. Although he held him in 
high esteem for his incisive psychological insights, he was keen to develop his own 
psychological views in an unbiased fashion. [Kaufmann 1974, 182 n. 2] Nietzsche 
portrays himself as a psychological and historical thinker whose target is Christian 

morality, its values and ideals. He describes himself 
as the “first immoralist,” an annihilator par  excellence. 
[Nietzsche 1888, “Why I am a Fatality,” §2] What 
Nietzsche aims to destroy are the unquestioned 
ideals of his society. He regards Christian morality as 
a decadent morality. And he rejects the ideal of the 
Good Samaritan. [Nietzsche 1888, §4] Nietzsche, 
famously, announces the Death of the Christian 
God. The belief in Christian morality has become 
doubtful: Good and Evil should not be regarded as 
absolute values. Such an absolute morality presents a 
tyranny against nature. Nietzsche offers three objec-
tions against Christianity: it is a dogma; it denigrates 
man’s life on Earth; it preaches the subordination of 
man to God. It is a mistake to think that Nietzsche 
denies all values. He denigrates only traditional 
values, which in his eyes have brought about the 

downfall of Western man. Nietzsche argues for a reevaluation of values, not an 
abandonment of all values. The job of the philosopher is to create values. They are 
not to be regarded as God-given and unchanging. Morality, in Nietzsche’s eyes, is 
a convenience, not an ideal. All values are contingent. Moral values should enhance 
the lives of human beings and not hamper their existence. Nietzsche, the philo-
sophical psychologist, sees in the Good Samaritan, the good Christian, a weak and 
decadent person. He claims that no psychology existed before him, because he 
regards himself as the first philosopher who questions Christian morality and the 
human types it has created:

No one hitherto has felt Christian morality beneath him; to that end there were 
needed height, a remoteness of vision, and an abysmal psychological depth, not 
believed to be possible hitherto. Up to the present Christian morality has been the 
Circe of all thinkers – they stood at her service. What man, before my time, had 
descended into the underground caverns from out of which the poisonous fumes of 
this ideal – of this slandering of the world – burst forth? What man had even dared 
to suppose that there were underground caverns? Was a single one of the philoso-
phers who preceded me a psychologist at all, and not the reverse of a psychologist – 
that is to say, a “superior swindler,” an “Idealist”? [Nietzsche 1888, “Why I am a 
Fatality,” §6]

Friedrich Nietzsche 
(1844–1900)
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On the one hand, Nietzsche is closer to Kant’s Enlightenment than to Freud’s 
psychoanalysis. He exposes a lack of transparency about the moral foundations of 
Western society at the end of the nineteenth century. He argues for a reevaluation 
of the value system, which would be closer to human nature (as Nietzsche sees it). 
On the other hand, he sees himself as a lone voice, the first psychologist with 
Freudian insights:

“I did that,” says my memory. “I could not have done that” says my pride, and 
remains inexorable. Finally – my memory yields. [Nietzsche 1886, IV, §68; cf. Gellner 
1993, Ch. I]

In a similar vein, Freud held that culture imposed almost superhuman burdens of 
sexual abstention on human beings. According to Freud, it made them ill. While 
Nietzsche was trained as a classicist, Freud was trained as a scientist. He aimed to 
establish psychoanalysis as a new science.

3 Scientism and the Freudian Model of Personality

It might be said of psycho-analysis that if anyone holds out a little finger to it, it 
quickly grasps its whole hand. [Freud 1916a, 193]

Freud received his medical training in the late nineteenth century. It was the cen-
tury of scientism – the belief that most problems in the natural and social sciences 
could be tackled using the methods of physics. It is no surprise that Freud, from 
his earliest inroads into the field of psychology, adopted a scientific attitude to the 
study of mental phenomena. From his “Project for a Scientific Psychology” 
(1895) to his Outline of Psycho-analysis (1938), Freud consistently compares 
psychoana lysis to science.1 But Freud was not the first to envisage psychology as 
a branch of natural science. Both Darwin and Haeckel (1929, Ch. VI) regarded 
the evolutionary theory as having paved the way for a scientific approach to psy-
chology. In his Vienna lectures Freud describes the doctrine of psychoanalysis as 
a superstructure, which will one day be anchored in an organic foundation, which 
is still unknown. [Freud 1916b, 389] In various ways, Freud sought to give his 
theory scientific credibility. Once such a commitment is taken, certain conse-
quences follow. These consequences must be compatible with the original com-
mitment. If psychoanalysis is a science, according to Freud, then we would expect 
a certain materialistic view of the mind. We expect the presentation of mechanical 
models, the postulation of lawful regularities, and a certain amount of deter-
minism about mental events. Freud was consistent in accepting these conse-
quences of his scientific commitments. Yet, as we summarize his model of the 
mind, we observe that Freud was unable to avoid humanistic endorsements in his 

1 In a rare BBC voice recording, which can be heard at the Freud Museum in London, Freud, looking 
back on his life’s work, still insists that he discovered the new science of psychoanalysis.
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theory. As we shall later see, Freud demanded explanation of mental phenomena 
but could not forego intentional notions.

3.1 Freud’s model of the mind

Man is a tireless pleasure-seeker. [Freud 1905b, 126]

The twentieth-century century dominant self-image as psychological man is greatly 
due to the influence of Freud’s work. Freud was born on May 6, 1856 in Freiberg 

(Moravia). In 1859, the year Darwin published The 
Origin of Species, the family moved to Leipzig and 
one year later settled in Vienna. Freud remained in 
Vienna until 1937, the year of the Nazi occupation. 
Freud disliked Vienna, partly because of its anti-
Semitism. But he was also influenced by Viennese 
society and its attitude to sexuality. In 1873 Freud 
started a medical career and became lecturer in 
neuropathology in 1885. In late 1885, Freud went 
to Paris to work under Jean-Martin Charcot. 
Charcot’s work with so-called “hysterics” intro-
duced Freud to the possibility that psychological 
disorders might have their source in the mind, 
rather than the brain. Charcot believed that he had 
demonstrated a link between hysterical symptoms, 
such as a paralysis of a limb, and hypnotic sugges-
tion. This link implied the power of the mental. 
Later Freud struck up a friendship with Joseph 

Breuer, whose patient was Bertha Pappenheim (“Anna O”) who suffered from 
hysterical symptoms. Breuer used a technique of verbalization (also known as 
“talking cure” or “chimney sweeping”) to treat her symptoms. In 1896 Freud 
coined the phrase psychoanalysis.

3.1.1 A summary of psychoanalytic theory Freud abandoned hypnosis and deve-
loped a new technique of free association. [Freud/Breuer 1895] This technique 
encourages patients to express any random thoughts that come associatively to 
their mind. The technique aims at uncovering hitherto unarticulated material from 
the realm of the psyche. Following a long tradition, Freud baptized this hidden 
realm the Unconscious. Freud noted that his patients experienced difficulties in 
freely associating – there were sudden silences, stutterings, and refusals to continue 
the psychoanalytic session. These symptoms suggested to Freud that the material 
struggling to be expressed was important. The patients also possessed powerful 
defenses against the expression of the hidden material. Such blockages (or resis-
tances) had to be broken down in order to reveal hidden conflicts. Unlike Charcot 
and Breuer, Freud came to the conclusion that the most insistent source of 
resisted material was sexual in nature. Even more importantly, he linked neurotic 

Sigmund Freud (1856–1938)
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symptoms to the same struggle between sexual feelings and psychic defenses. In 
an important letter to Fliess he abandoned the so-called Seduction Theory. [Freud 
1897] He concluded that the material recalled under psychoanalytic promptings 
were fantasies, hiding primitive wishes, rather than real experiences. That is, 
 fantasies and instinctual yearnings of the child lay at the root of later  conflicts. 
Over the following years, Freud’s system was enhanced and modified in a number 
of ways:

● Freud experienced the death of his father (1896) as the trauma that permitted 
him to delve into his own psyche. Freud’s self-analysis delivered important 
insights for his psychoanalytic theory.

● In his Interpretation of Dreams (1899) Freud presented dreams as a royal road 
to knowledge of the Unconscious.

The study of dreams therefore becomes the most convenient means of access to a 
knowledge of the repressed unconscious, of which the libido withdrawn from the ego 
forms a part. [Freud 1916b, 456]

All dreams, except those of children, are interpreted as fulfillments of mostly 
sexual wishes. “Dreaming is evidently mental life during sleep!” [Freud 1916a, 
88; 1916a, Ch. II] Freud advances a causal claim: most dreams of adults can be 
traced to infantile sexual wishes (Freud 1901b, 682–3), even that all inclina-
tions to  perversion have their roots in childhood (Freud 1916b, 311). As dreams 
are the disguised expression of wish fulfillments, Freud distinguished between 
the manifest and latent content of dreams. The manifest dream content is the 
actual, often strange sequence of images, which dreamers see in their dreams. 
The latent dream content comprises the hidden, unconscious motivation of the 
dream. Freud suspects that a lawful connection exists between the confused 
nature of latent dreams and the difficulties experienced in expressing the dream 
thoughts. [Freud 1901a, 643] Dream work consists in the transformation of 
latent into manifest dreams – and the job of psychoanalysis is to reverse this 
transformation.

Dreams are obliged to conceal things and only surrender their secrets to interpre-
tation (…). [Freud/Oppenheim 1911, 181]

Dream work can transform dreams in a number of ways: (1) condensation 
(Verdichtung), e.g., the manifest dream is an abridged, condensed form of the 
latent dream; (2) displacement (Verschiebung) means that the latent meaning of 
the dream remains hidden; the dream work puts emphasis on unimportant 
or remote elements; the manifest dreams only vaguely allude at their real 
meaning; the latent content is disguised; (3) representation (Dramatisierung) 
means that a transformation of thoughts into images occurs. [Freud 1916a, 
Ch. XI]

● The Psychopathology of Everyday Life (1900) examines what has become known 
as “Freudian slips.” These are not just slips of the tongue but also slips of the 
pen, the misreading of words, and the forgetting of names.
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● In his Three Essays on Sexuality (1904–5) Freud attributed sexual drives to children, 
put emphasis on the causal power of fantasies, and established the importance of 
repressed desires. In these essays, Freud extended the concept of sexuality beyond 
its conventional usage to include a raft of erotic impulses. Sexuality became, if not 
the sole, at least the prime mover in a great deal of human affairs. Freud also dis-
tinguished three phases in a child’s sexual development: oral phase, anal phase, and 
phallic phase. Freud stipulates a rather direct causal relationship between infantile 
instinct components and adult character traits:

We can lay down a formula for the way in which character in its final shape is formed 
out of the constituent instincts; the permanent character traits are either unchanged 
prolongations of the original instincts or sublimations of these instincts or reaction 
formations against them. [Quoted in Webster 1996, 288]

● In 1908 the Vienna Psychoanalytic Society was established.
● In his later work the tripartite model of mind replaces the dichotomy of the 

Conscious and the Unconscious: the Id is governed by the pleasure principle, 
the Ego by the reality principle, and the Superego represents the internaliza-
tion of social norms and values, instilled in the child’s mind through cultural 
education. In his later work, Freud stipulated that the Id consisted of two 
parts: a Death Wish in addition to the existing Eros. [Freud 1938; see Webster 
1996, 334–5]

● His Social and Cultural Studies occupy the last stage of Freud’s work. Freud 
examines the origin of cultural phenomena, which he traces to the mechanism 
of sublimation. The appreciation or creation of cultural products, Freud con-
tended, is rooted in primitive sexual urges that are transformed in culturally 
acceptable ways. Sublimation is a conflict-free resolution of repression, which 
leads to intersubjectively available cultural works. In his later works Totem and 
Taboo (1913) and Group Psychology (1921), Freud expresses a hefty dose of 
skepticism toward religious beliefs. Such beliefs in divinity can ultimately be 
attributed to the need to worship human ancestors. All civilizations, no matter 
how well planned, can provide only partial relief from sexual urges. For aggres-
sion among men is not due to unequal property relations or political injustice. 
Such problems could be rectified by social reform. Rather, aggression is due to 
a deep-seated death instinct. A reconciliation of nature and culture is impossi-
ble, for the price of any civilization process is the production of guilt on the part 
of the members of the civilization. Any civilization curbs human sexual instincts; 
this thwarting of pleasure will leave feelings of resentment toward society.

We have seen that the Copernican world-picture contributed to the mechaniza-
tion of the world. The Copernicans participated in the movement, which treated 
nature as an abstract mathematical entity, obeying quantifiable law-like relation-
ships. The belief that all forms of knowledge should approximate the ideal form of 
quantized knowledge is known as scientism.

At the end of the nineteenth century the success of science was so impressive that 
many people adopted scientism as their official philosophy. It is hardly surprising to 

9781405181846_4_003.indd   1949781405181846_4_003.indd   194 7/31/2008   9:53:31 AM7/31/2008   9:53:31 AM



 Sigmund Freud: The Loss of Transparency 195

see Freud pursue the same line of argument. In fact, he claims that psychology can 
be put on the same footing as physics. How does he justify this claim?

3.1.2 Analogy with physics Freud starts with the assumption that our psyche can 
be modeled as an extended, functional apparatus, which has three parts: the Super-
ego, the Ego, and the Id. Each of these components of the mind has its specific 
functions, which Freud set out to describe.

Let us analyze the plausibility of the view that psychology is as secure a science 
as physics. Freud writes:

There is in the expressions of the psyche nothing trifling, nothing arbitrary and law-
less. [Freud 1910, 22]

In other words, Freud believed that it would be possible to discover psychoanalytic 
laws. [Freud 1910, 19] This is his first postulate:

1. The determination of the psychic life, according to which no mental happen-
ings are accidental. [Brown 1962, 3] Psychic determinism is Freud’s assump-
tion that everything we do, think, or feel has meaning and purpose. All 
events of psychic life are determined: slips of the tongue, gestures, dreams, 
and neuroses – all have meaning and specific origins in the experience of the 
individual.

Nothing in the mind is arbitrary or undetermined. [Freud 1901b, 242]

But there is, of course, no such thing as arbitrary determination in the mind. [Freud 
1901a, 680]

(Strictly speaking, most behavior has multiple determinants, according to 
Freud: the drives are a mixture of two primary forces: the Eros and Death 
Instincts.)

2. The second assumption is that the Unconscious is a dynamic force, not just a 
wastepaper basket of ideas and memories:

“Unconscious” is no longer the name of what is latent at the moment; the uncon-
scious is a particular realm of the mind with its own wishful impulses, its own mode 
of expression and its peculiar mental mechanisms which are not in force elsewhere. 
[Freud 1916a, 212]

With this assertion Freud moves beyond the traditional understanding of the 
Unconscious as a passive receptacle for unwanted material. He also overcomes 
the traditional identification of mind with consciousness, which finds its char-
acteristic expression in Descartes’s dualism. Freud’s dynamic view of the 
Unconscious means that the Unconscious plays a predominant part in mental 
life. It bestows meaning on such apparently random events as Freudian slips 
and strange dreams.

3. The third assumption is that much of human behavior is driven by  unconscious 
motivation. Unconscious motivation expresses Freud’s conviction that a major 

9781405181846_4_003.indd   1959781405181846_4_003.indd   195 7/31/2008   9:53:31 AM7/31/2008   9:53:31 AM



196 Sigmund Freud: The Loss of Transparency

portion of our behavior, thoughts, and feelings is determined by motives about 
which we are completely unaware. We are not master in our own house. Humans 
have suffered another blow: the loss of transparency. According to the Libido 
Theory, all behavior is directed toward the satisfaction of biological needs, 
either in a directly sexual or a sublimated way. Many motives of human behavior 
are buried in the Unconscious (Id), and therefore hidden from the individual 
agent. It is the function of the Ego to channel this energy into modes of expres-
sion which are more in accord with the demands of society (Superego). The Id 
represents the deep inaccessible part of the personality. It is in direct contact 
with the somatic processes and is the repository for  everything inherited and 
fixed in the real world. The Id has no connection with the real world. We learn 
about the Id via the analysis of dreams and through various forms of neurotic 
behavior.2 There is a reason for its  existence: the immediate, unhampered grati-
fication of the instincts. The Id obeys the Pleasure Principle.

The Ego is the manager of the personality. The Ego is the organized, rational, 
reality-oriented system of personality. It operates according to the Reality 
Principle: it defers gratification of instinctual urges until a suitable object and 
method is found. The Ego is entirely pragmatic and without values. While 
its goal is to satisfy the Id, it will do so only in the context of the demands of 
reality. It is also charged with maintaining the integrity of the organism.

The Superego develops from the Ego out of a resolution of the Oedipus 
 complex. It represents the ideas and values of society as they are presented to 
the child through the words and actions of the parents. (Punishments lead 
to conscience; rewarded behavior leads to the ego-ideal.) In summary, the job 
of the Superego is to inform the Ego of the value of morality; rather than 
succumbing to lust or expediency it reminds the person to strive toward 
 perfection.

4. The fourth assumption is that only a developmental or historical approach can 
reveal the cause of patients’ present behavior patterns. Present symptoms 
appear to be connected to past experiences (whether imagined or real).3 This 
fourth assumption is important for Freud’s inferential practices, for Freud 
infers the work of the Unconscious from its apparent manifestations in the 
present lives of his patients.

For the infantile is the source of the unconscious, and the unconscious thought 
processes are none other than those – the one and only ones – produced in early 
childhood. [Freud 1905b, 170]

Freud is interested in not only the “how” but also the “why” of human behavior. 
The causes of human behavior seem to reside in past experiences. If this is the case, 

2 Freud [1910, 17–18] discusses three ways of widening the consciousness: free association, interpreta-
tion of dreams, and Freudian slips.
3 Consider a funny image: imagine a sex-starved hedonist, a black-frock-coated Puritan minister, and a 
totally humorless computer scientist chained together and turned loose in the world and you have a good 
approximation of what Freud was trying to show us about human personality. [Phares 1984, 82–4]
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Freud’s theory will have to rely heavily on inferences from present observational 
data to some underlying mental structure. [Brown 1962, Ch. I] In order to 
 understand his patients’ ailments Freud makes inferences from present symptoms to 
past events. Not all forms of human behavior give rise to such inferences. By insist-
ing that dreams are the royal road to the Unconscious, Freud tells us that only 
certain forms of symptoms – apart from dreams, Freudian slips and neurotic behav-
ior are given preferential status – offer glimpses into the unconscious workings of 
the mind. He assumes that normal beha vior offers few glimpses into the hidden 
motives of human behavior.

(To) our study of neuroses (…) we owe the most valuable pointers to an under-
standing of normal conditions. [Freud 1930, 135]

On the basis of these assumptions, Freud argues that psychoanalysis stands on the 
same “footing” as physics. Let’s see how the psychoanalyst argues by comparison 
with the physicist. [Box 3.1a, 3.1b]

The first premise in the psychoanalyst’s argument leads to the belief that psy-
chology was a new branch of science. [Freud 1938, 19, 52] Is this assumption 
correct? It is important to note that Freud argues by analogy. In fact, as we shall 
see, analogical reasoning was an important part of Freud’s method.

In the first few steps the analogy between psychology and physics seems to hold. 
But where there are analogies there are also disanalogies, which have to be taken 
into account. With Freud’s assumption of the unknowability of reality in itself (an 
sich) the argument by analogy begins to show signs of strain. While the physicist 
can continue the argument, especially appealing to independent tests, the psycho-
analyst typically has difficulty satisfying the criterion of independent testability of 
the fundamental assumptions of the theory. (Recall from Chapter II, Section 6.5 
that we interpreted falsifiability as testability.)

Box 3.1a The Psychoanalyst and the Physicist debate the methodological 
status of psychoanalysis

The Psychoanalyst The Physicist
● The Unconscious is governed  ● Physical systems are governed by 

by laws.   laws.
● We can reconstruct these laws  ● We can reconstruct these laws 

from behavioural peculiarities,    from observations and
for instance people suffering    experiments.
from neuroses. [Freud 1938,  
32, 40]

● We can construct models of the  ● We can construct models of 
Unconscious.   physical systems.

● We can never know the  ● We cannot know “physical 
Unconscious directly.   reality” directly either, says Freud.
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Has the physicist been unfair to the psychoanalyst? Is it not obvious that physics 
is unlike psychoanalysis? We should blame not the physicist but Freud. Freud 
claimed throughout his working life that psychoanalysis can be put on the same 
footing as any natural science. So while the physicist may not have wanted to 
be drawn into a debate, it is the Freudian claim that invites the comparison. The 
physicist baulks at the psychologist’s suggestion that it is possible to infer the real-
ity of the Unconscious from the techniques on offer. The physicist stresses the need 
for independent testability. It is at this point that the analogy breaks down. 
Independent testability is an important feature of scientific reasoning. It is a way of 
avoiding ad hoc explanations. These are explanations in which an explanatory device 
is introduced to reconcile the explanation with the appearances. For instance, 
Ptolemy used epicycles, deferents, and the equant to reconcile the a priori assump-
tion of uniform circular motion with the observed nonuniform velocities of the 
planets. But there is no independent evidence for these geometric devices. Crea-
tionism saves itself against refutation by the geological fossil evidence by claiming 

Box 3.1b The Psychoanalyst and the Physicist continue their debate about 
the methodological status of psychoanalysis

The Psychologist The Physicist
● Even if we cannot know the  ● We have different and independent 

Unconscious directly, we have   methods of confirming the models
techniques for probing it.  and laws.

● These techniques include dream  ● For instance, the diameter of a 
analysis, neurotic behavior, and   human hair can be measured 
Freudian slips.  directly under the microscope, and 
  indirectly from the diffraction patterns 
  it creates when held in the passage
  of a laser light.

But the physicist will take exception now.
● These techniques do not uniquely  ● So we have independent tests 

and independently reveal   for the models,
the Unconscious.

   ● We can make precise numerical 
  predictions,

   ● We can give genuine explanations 
  of the behavior of physical systems.

● We can and do have a plurality of ● We often have conclusive evidence 
divergent, sometimes even   that one model is much more 
contradictory models of   credible than a rival model.
the Unconscious. ● As examples the physicist can cite 
  Copernicanism and Darwinism.
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that God planted the fossil records at the moment of creation 6,000 years ago. 
Freud seems to struggle with the same problem, for (in Popper’s words) the only 
evidence he has for the explanans (the Unconscious) is the explanandum itself 
(Freudian slips, weird dreams, and neurotic behavior). [See Box 3.2] According 
to Popper, what makes a theory – a coherent body of statements – scientific is its 
falsifiability. Popper requires that the logical form of a theory be such that it can be 
refuted by experience: it must be possible for an empirical scientific system to be in 
disagreement with the physical state of the world.

What we want is an independent empirical confirmation that Jupiter is actually 
causally responsible for the state of the sea. This will be difficult to obtain. 
Unfortunately, it is equally difficult to obtain independent confirmation of Freud’s 
idea of psychic determination. For the central piece in this explanatory account is 
the assumption of the Unconscious and its properties. This stipulation of the 
Unconscious invites several problems. Firstly, it looks ad hoc from the point of 
view of testability. Secondly, it fails the method of eliminative induction (see 
below). This is where Freud’s analysis with physics sadly breaks down. As one 
critical writer puts it:

Freud and his successors have pretended that they listen to the “unconscious” of their 
patients; in fact they made it talk as others make the spirits talk. [Borch-Jacobsen 
2005, 388; translated by the author]

This failure is not such a disaster if we are ready to give up the claim that psy-
choanalysis is a strict science. We can treat it the way Osiander treated heliocen-
trism and geocentrism. We can say that orthodox psychoanalysis is one possible 
model of mental life. It provides a coherent story but coherence is not a sufficient 

Box 3.2 Popper’s version of ad hoc arguments

Here is Popper’s example of the  Here is a psychoanalytic analogy:
 need for independent testability: 

The sea is stormy today. The patient suffers from neurotic 
  symptoms.

Why? Why?
Because (God) Jupiter is furious! Because past experiences have affected 

  the Unconscious of the patient.
How do you know that Jupiter is  How do you know that the Unconscious 

furious?  influences the patient’s present 
  existence?

Don’t you see that the sea is stormy? Don’t you see that the patient suffers 
  from neurotic symptoms?
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condition for successful explanation. This concession amounts to an admittance 
that there are alternative and rival models. We are not in a position to determine 
which of the competing models is the most adequate in the light of various 
 constraints. The available empirical evidence is compatible with several  competing 
models of the mind. But our desire, which we felt already in the case of 
Copernicanism, to probe further and weigh our models in terms of their  credibility 
must remain unsatisfied. It is possible that one day evidence that will help us to 
redistribute the credibility over the space of psychological models will come 
to light. But at the moment an instrumentalist-pragmatic attitude is the best 
advice. If the Freudian model of the mind has some therapeutic value, it can be 
employed to put people’s psyche back in order. It does not matter whether the 
model is correct, as long as people suffering from neuroses show improvement. 
We conclude: the Freudian model has empirical adequacy but no theoretical 
validity. We cannot claim that the model is true or explains the symptoms. At best 
it helps us understand what might be going on in the patient. We take it as an 
analogue model. We say, pragmatically, that it works. But we cannot say why it 
works. If we do not place too much demand on its well-functioning, the Freudian 
model may be said to share a platform with the Ptolemaic model of the universe. 
If we do not require too much of the geocentric model, it helps us understand, in 
a tentative way, the planetary appearances. In a similar way the Freudian model 
gives us a picture of what may be going on in a neurotic mind. But in neither case 
are we given any genuine explanation. For where rival models claim to explain the 
evidence and the evidence cannot decide between them, we have no genuine 
explanation. Let us decide then not to follow Freud in his confident claim that 
psychoanalysis can acquire the lofty status of a hard-core science like physics. This 
decision only reflects negatively on his model of the mind if we cling to the 
 nineteenth-century creed of scientism. But we may be interested in the model 
without thinking that it must explain the structure of the human mind.

3.1.3 Freud as an Enlightenment thinker As Freud mentions in his Copernican 
claim, there was a hostile reaction to his doctrine in Vienna of the early twentieth 
century. Several features of the doctrine outraged people:

1. the postulation of infantile sexuality, as part of the development of personality;
2. the postulation of sexual and aggressive urges as the principal motivators of 

human behavior, i.e., psychic determinism;
3. the postulation of the Unconscious and the dynamic role it played in our 

behavior.

Freud was understood as chaining the rational mind to instinctual drives. The pos-
tulation of the dynamic Unconscious rendered the human mind non-transparent. 
People have spoken of a Freudian revolution. It must be located in his idea that 
our behavior is not the result of (purely) rational motives. The Freudian revolution 
can therefore be seen as a curtailment of the Enlightenment image of the rationa-
lity of human beings.
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This image of rationality can be attributed to several factors, two of which are

1. the development of science and its paradigm of rationality;
2. the legacy of the Enlightenment and its view of human nature.

The development of science from the sixteenth to the nineteenth centuries was a 
triumphant march of Newtonianism from mechanical phenomena, like planetary 
motion, to phenomena like electricity, magnetism, and heat. The mechanization 
and mathematization of science drew ever-increasing circles, so that science became 
the paradigmatic model of reason. The Enlightenment extended this paradigm 
into the realm of society.

As we have seen with Copernicus, Newton, and Darwin, traditional beliefs had 
been eroded by their scientific discoveries, i.e., beliefs in the centrality of the Earth 
and in the superiority of human beings over all other creatures. Scientific activity 
stresses the rational side of human beings; there was thus a feeling that with an 
increase in science, human beings would increase their mastery of the world. While 
science destroyed traditional beliefs, it also gave rise to more and more domination 
of nature, as for instance in:

1. the Industrial Revolution and its development of steam engines; and
2. Pasteur’s germ theory of disease, which led to the first vaccination of a human 

against rabies.

So the success of science emphasized the importance of rationality in human beings. 
And the rationality had already found a philosophical interpretation in what is 
called the age of reason or the age of Enlightenment.

Although Freud constructed no more than an analogue model of the mind, we 
do not need to be dismissive about his achievements. According to some of his 
critics, he built a solid, non-conjectural, support-providing worldview. [Gellner 
1993, 126] If it is not subjected to rigorous testing, it can serve cultural functions. 
Freud’s theory has had a liberating effect on Western culture. [Gellner 1993, 83; 
Webster 1996, 283; Cioffi 2005, 46; Rillaer 2005b, 241] With his frank and 
unbiased approach to sexuality, Freud helped to free humankind from the chains of 
sexual repression. Insofar as he throws light on the darker motives of human beha-
vior, he became an Enlightenment figure. In his Three Essays on Sexuality [1905] 
Freud reveals a candor and honesty about sexual practices which would do honor 
to any enlightened thinker. He describes forms of infantile sexuality in great, shock-
ing details for a Viennese audience. He discusses the practice of “normal” and 
“deviant” sexuality with admirable openness. In an early essay on sexual morality 
he already speculates that “our culture is founded on the suppression of our instinc-
tual drives.” [Freud 1908, 82] He proposes that sexual energies can be channeled 
into non-sexual forms of satisfaction. He suspects that at the root of cultural 
achievements lies a process he calls “sublimation.” In The Future of an Illusion 
(1927) he returns to the opposition between nature and culture. He holds that 
every culture is based on coercion and renunciation of instincts. [Freud 1927a, 7] 
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Culture protects us against nature. For students of Freud there is also a surprising 
admission. He had always emphasized the significance of the instinctual drives in 
human affairs. But now he demands a rational justification of cultural obedience. 
We can only contain our instinctual nature through our intelligence. The primacy 
of the intellect is a psychological ideal. In the long run nothing can withstand 
reason and experience. The conditions of human existence can be improved 
through the employment of scientific knowledge. [Freud 1927a, §IX]

For Freud psychoanalytic theory was part of scientific knowledge. We have 
already seen that one of Freud’s claims is ill-founded: psychoanalysis is not on the 
same footing as physics. The analogy between psychoanalysis and physics, which 
Freud constructs, is misconceived. But this analogical argument was based on a 
misconception of how science works in the first place. Evolutionary biology, as we 
have seen, is not on the same footing as physics either. Is there another sense in 
which Freud’s psychoanalysis can be shown to be scientific or nonscientific? We 
should analyze Freud’s own procedures, not his rhetorical claims. We should apply 
to the corpus of psychoanalysis a logic of evaluation.

3.1.4 The scientific status of the Freudian model
It is not easy to deal scientifically with feelings. [Freud 1930, 65]

How can the Freudians show that psychoanalysis is scientific? How can their critics 
show that the Freudian theory does not satisfy criteria of scientificity? Consider, 
first, Freud’s own methods and then the procedure of eliminative induction.
3.1.4.1 Freud’s methods Given Freud’s medical training, it should come as no 
surprise that he was quite aware of methodological issues. It would not be wrong to 
say that Freud, at least unconsciously, defended a form of eliminative induction as 
the best method of science. Freud certainly often speaks of psychological inferences 
and appeals to alternative explanations. Of the inferences, which the psychoanalyst 
must make, he sometimes claims that they must lead to inevitable conclusions.

It is gratifying to be able to report that direct observation [on children] has fully confirmed 
the conclusions arrived at by psychoanalysis – which is incidentally good evidence of 
the trustworthiness of that method of research. [Freud 1905a, 193–4 n.; cf. 201, 205 n.]

The possibility of giving a sense to neurotic symptoms by analytic interpretation is 
an unshakeable proof of the existence – or, if you prefer, of the necessity for the 
hypothesis – of unconscious mental processes. [Freud 1916b, 279]

But at other times he no longer makes Cartesian claims about the certainty of psy-
chological knowledge. He even shows willingness to accept the Unconscious as a 
mere hypothesis. [Freud 1905b, 177–8] He complains, again stressing the analogy 
with science, that inferences in chemistry are accepted unquestionably but psycho-
analytic inferences are contested. Freud accepts that there are no direct proofs of 
the meaning of psychic events; however, there are degrees of probability of their res-
pective analyses. He clearly regards the psychoanalytic interpretation of symptoms 
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as more probable than rival interpretations. The reader may recall from the 
 prece ding chapters that Copernicus and Darwin also made the claim that it is pos-
sible to draw inferences from the available evidence to the most likely model of 
explanation. They regarded them as admissible inferences. Freud too, although less 
expli citly, regards inferences from the evidence to the psychoanalytic model of the 
mind as the most probable admissible inference. [See Figure 3.1]

The mental life of human individuals, when subjected to psychoanalytic investigation 
offers us the explanations with the help of which we are able to solve a number of 
riddles in the life of human communities or at least to set them in a true light. [Freud 
1916a, 168]

On the one hand, the inferences serve to ascribe a mental structure to the appear-
ances, just like in any other natural science (Freud 1938, 196); on the other hand, 
the inferences do not all possesses equal degrees of probability. Freud clearly thinks 
that some inferences are more probable, in the light of the evidence, than others. 
[Freud 1916a, 51, 238; 1916b, 300–2]

Freud at least displayed a partial understanding of the need for a consideration 
of competing models. In his work on dreams, jokes, sexuality, slips of the tongue, 

Figure 3.1 Direction of time, from left to right. This diagram depicts the various levels 
involved in Freudian inferences. [Gellner 1993, 224]: (2) and (3) are not directly observ-
able and hence not independently testable, in principle, because (a) the theory asserts the 
uniqueness of the psychoanalytic tool of inquiry; (b) they are subject to interpretations 
which cannot be checked independently against raw data. (4) is not easily testable: what 
matters was not public events but their meaning for the patient. The links (4) to (3) and (3) 
to (2) can easily be amputated and abandoned. Source: Gellner [1993], 224
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and taboos he considers rival models but finds them inadequate. According to 
Freud, they do not explain the evidence sufficiently. From this rejection of rival 
models Freud concludes, hastily, that his own psychoanalytic model must be the 
correct model. Unfortunately the evidential basis for his claim is very narrow: it 
consists of the interpretation of dreams, Freudian slips, and analysis of the results 
of free association, which inspired the construction of the psychoanalytic model in 
the first place. [Freud 1910, 17–18] In terms of inferential practices the Freudian 
model is not on the same level as the Copernican and Darwinian models. It fails to 
derive new testable consequences from the model of the mind. It is built to accom-
modate previously independently known facts: neurotic behavior, slips of the 
tongue, and strange dreams. On the model of eliminative induction there is as such 
nothing wrong with building a model to accommodate well-known facts. But 
Freud’s model of the mind should not claim them as supportive evidence. The 
cited evidence cannot be supportive for the following reasons: (a) the central idea 
of the Unconscious is not independently testable; (b) no independently known 
facts, other than those which form the basis of the model, are accommodated in 
the Freudian models; Freud never shows that the psychoanalytic model is clearly 
favored by the available evidence at the expense of competing models; it is not 
shown that competing models are incompatible with the evidence; (c) no deductive 
consequences follow from the Freudian model because of its lack of coherence.

Recall the methodological views of Haeckel and Huxley about appropriate meth-
ods in evolutionary biology. We may use inductive steps from available evidence to 
the construction of a model. But this makes the model only a hypothesis. This 
model must then be tested. The tests may take the form of precise predictions, of 
deductive or inductive consequences, or the accommodation of independently 
known facts. Freud was a master of formulating a plausible model of the mind but 
a third-rate pupil when it came to testing the model. Freud claims for his model an 
inference to the best explanation. But it is not an inference to the best contrastive 
explanation. [See Sulloway 2005a, b]

Freud thought that he could boost the credibility of psychoanalysis by establis-
hing an analogy with physics. But analogies always come in tandem with disana-
logies. Freud’s reasoning failed because he did not pay enough attention to the 
disanalogies with physics.

Freud’s model of the mind is an analogue model (in terms of our earlier discus-
sion of the role of models). But Freud treats his model of the mind as a realistic 
mechanical model. In his Vienna lectures he holds that the psychoanalyst must 
operate with the Unconscious as if it were “something palpable to the senses.” 
[Freud 1916b, 279] He depicts his tripartite model of the mind as an extended 
structure, a mental apparatus, in which the Id, the Ego, and the Superego occupy 
well-delineated regions. [Freud 1916b, 283; 1938, Ch. VIII; see Figure 3.2] The 
Freudian conception of depth, as one writer puts it,

leads into error because it encourages us to transform dispositions, cognitive and 
emotional mechanisms into substances. [Rillaer 2005a, 224, cf. 219, 228; translated 
by the author]
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The role of analogical reasoning is quite widespread in Freud’s writings. For 
instance, Freud claims that the study of neuroses offers the psychoanalyst the most 
valuable pointers to an understanding of normal conditions. [Freud 1930, 135; 
1927b, 165] The role of analogical thinking has not been sufficiently stressed in 
the Freud literature. Let us look at some examples:

1. There is a comparison of “psychic economy” with a business enterprise. [Freud 
1905b, 156]

2. There is an analogy between dream work and joke work because of similarities 
of techniques. [Freud 1905b, 165, 171; 1927b, 165]

3. There is an analogy between religion and neuroses in children: a child, Freud 
declares, cannot develop toward culture without passing through a phase of 
neurosis; similarly humankind, in its development toward civilization, must 
pass through a religious phase as a neurosis. [Freud 1927a, 43, 53]

4. The system of the Unconscious is compared to a large entrance hall, in which 
the mental impulses jostle one another like individuals. [Freud 1916b, 295]

There is of course nothing wrong with the use of analogical reasoning if it serves 
heuristic purposes. But Freud has the tendency to start his reasoning with an anal-
ogy that surreptitiously turns into an affirmation. He tends to forget that analogi-
cal reasoning is not an ersatz for proof.
∞ 3.1.4.2 The method of eliminative induction, again Recall the general procedure 
of eliminative induction. Out of a number of competing explanatory accounts it 
selects the ones that best agree with the available constraints. This is based on the 
central idea that not all positive instances of a theory are also supportive instances of 
that theory. The positive instances are merely concrete applications of the theory’s 
general principles. Competing theories, however, also claim that they can explain 

Figure 3.2 A textbook representation of the Freudian model of the mind. Source: Adapted 
from Phares [1988], 80
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them. Any new bridge construction is a positive instance of Newton’s mechanics. 
The supportive instances test the claims of the theories. For falsificationists this 
comes in the form of new, precise, testable predictions of a theory. The existence of 
Neptune was predicted from Newton’s theory. When the planet was discovered, it 
counted as a supportive instance of Newton’s celestial mechanics. Imagine that no 
such precise predictions can be made, because only a number of approximate models 
are available. It will still be possible for one model to find support in the evidence at 
the expense of the others. (An analogy is a list of suspects in a murder case. The 
mounting evidence often converges on one suspect and eliminates all the others.) 
The evidence may come in the form of crucial experiments. The credibility of a 
number of rival models is evaluated against the weight of the empirical evidence, 
derived from crucial experiments. Ideally, only one of the models is compa tible with 
the evidence, while the others are not. In this case the evidence is said to support the 
surviving model and to discredit its rivals. The evidence discredits one model, because 
it cannot account for it, and it accredits another model, because it can account for 
the evidence. For instance, if there is well-confirmed evidence of highly elliptical 
orbits of comets, any planetary models that cannot explain this evidence suffer in 
their credibility. The basic ideas go back to Francis Bacon and John Stuart Mill.

We discussed a cluster of features of this sophisticated form of inductivism in an 
earlier chapter. The central features are:

● the distinction between positive and supportive evidence;
● the exploration of the space of possibilities; this is the conceptual domain of 

actual or possible rival accounts, which could equally well account for the 
empirical data; these accounts may be incompatible with each other;

● the problem of the accommodation of known facts as against the prediction 
of novel facts;

● a conception of what constitutes rival accounts, involving different constraint 
spaces, as opposed to mere alternative accounts, within the same constraint 
space.

Let us measure the standard of Freud’s theory by the method of eliminative 
induction. We can do so by looking at the constraint structures, which get the 
elimination off the ground. Consider, for instance, how the therapeutic aspect of 
Freud’s theory fares.

Recall that Freud claims at least some therapeutic success of his method. But the 
method of eliminative induction forbids us to maintain that psychoanalysis is thera-
peutic merely because some patients improve after treatment. [Grünbaum 1977a, 
222; 1985, Pt. I.1, 2, Pt. II.4] Such a strong claim cannot be vindicated by the 
method of eliminative induction. Positive instances of patients recovering from neu-
roses after having received therapy do not lend support to the therapeutic value of 
Freudian treatment. It may simply be a spurious correlation, like that between coffee 
consumption and recovery from a cold. To avoid such spurious correlations we have 
to exclude competing accounts from the range of possible explanations. Hence to 
vindicate the strong assertions made by Freudians concerning therapeutic efficacy a 
number of control procedures should be put in place. [Grünbaum 1977a, §III]
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● placebo treatment in control groups (Z);
● non-psychoanalytic forms of treatment (e.g., medication) (X);
● the study of spontaneous remission (Y).

Freudians have not put such control procedures into place. If these possible 
explanations are not excluded, Freudian therapy cannot claim credibility over its 
rivals. Freud’s tendency to infer from the failure of rival models to the accuracy of 
his own approach is a non-sequitur as long as there is no supportive evidence for 
psychoanalysis.

Clinical studies have shown that the reliability of psychoanalytic treatment is 
not as impressive as the Freudians claim. [See Meyer [2005], Part III, IV] But it 
would not be scientific by the method of eliminative induction because the pos-
itive instances of therapeutic success have not been shown to be supportive 
instances (of psychoanalysis). Hence the credibility of the Freudian the rapeutic 
theory has not been increased and that of its rivals decreased. Only the combina-
tion of positive instances with instances of non-X (i.e., non- psychoanalytic treat-
ment modalities fail) and non-Y (i.e., there is no spontaneous remission) and 
non-Z (placebo treatments do not have the same effects) could constitute induc-
tively supportive instances of Freudian therapeutic theory. So the logical possi-
bility of such suppor tive instances goes hand in hand with the logical possibility 
of refuting instances. [Grünbaum 1977a, 232; Gellner 1993, 199–203, 208–9]

Freud seems to have forgotten a lesson which he spelled out clearly at the begin-
ning of his career:

Anyone (…) who is engaged scientifically in the construction of hypotheses will only 
begin to take his theories seriously if they can be fitted into our knowledge from more 
than one direction and if the arbitrariness of a construction ad hoc can be mitigated in 
relation to them. [Freud 1895, 302]

There is yet another area where Freud’s analogical reasoning covers rather than 
uncovers the deep structure of his system. Reasoning by analogy with the natural 
sciences helps Freud to hide the fact that his system cannot rely on empirical evi-
dence alone; it must borrow from meaning relations, characteristic of the human 
sciences. This need to borrow symbolic relations is evident from the fact that 
 neurotic symptoms, dreams, and slips of the tongue are subject to interpretations.4 

4 Toward the end of his life Freud proposed to replace the term “interpretation” by the term 
“ construction”: “If, in accounts of analytic technique, so little is said about ‘constructions,’ that is 
 because ‘interpretations’ and their effect are spoken of instead. But, I think that ‘construction’ is by far 
the more appropriate description. ‘Interpretation’ applies to something that one does to some single 
element of the material, such as an association or a parapraxis. But it is a ‘construction’ when one lays 
before the subject of the analysis a piece of his early history that he has forgotten …” [Freud 1937, 261] 
But this switch in terminology is not accompanied by an enhancement of the evidential basis of psy-
choanalysis. “If the construction is wrong, there is no change in the patient; but if it is right or given an 
approximation to the truth, he reacts to it with an unmistakable aggravation of his symptoms and of his 
general condition.” [Freud 1937, 265]
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The interpretations are guided by the pre-accepted “validity” of psychoanalytic 
theory.

3.1.5 Freud stands between the empirical and the hermeneutic models In an age of 
scientism Freud was understandably eager to establish the scientific credentials of 
psychoanalysis. He never ceases to compare psychoanalysis with the respectable 
sciences. If the comparison is not with physics, it is with mathematics:

In fact psychoanalysis is a method of research, an impartial instrument, like the infin-
itesimal calculus. [Freud 1927a, 36]

So Freud positions psychoanalysis firmly on the side of the empirical model of the 
social sciences. It is a science, like the most respectable natural sciences, which 
operates with hypothesis, empirical evidence, laws, and confirmation. According to 
Freud, this positioning of psychoanalysis is possible because his science rests on 
psychic determinism as one of its pillars. “Psychic arbitrariness does not exist.” 
[Freud 1901a, 680] If no randomness exists in mental phenomena, we must expect 
that they are governed by laws of nature, like the planets. As we shall see, the con-
viction that human behavior is governed by social and psychological laws was 
common to the founding fathers of the empirical model of the social sciences. 
From his famous Dream Interpretation (1901) to his late Outline (1938), Freud 
insists that mental life is based on lawful regularities. It is the job of psychoanalysis 
to discover the psychic laws. The problem for Freud is that neither dreams nor slips 
of the tongue nor behavior patterns constitute raw objective data. The data need 
to be interpreted. Psychoanalysis is just one tool to provide the interpretation. The 
need to interpret psychic material points Freud clearly in the direction of the 
hermeneutic model of the social sciences. According to this approach, human 
behavior has symbolic dimensions, which requires the need for understanding. Which 
format does understanding take in Freud? It takes the form of inferences. Freud 
infers from the observable symptoms to an underlying cause, which is represented 
by the model of the Unconscious. [Figure 3.2] Although Freud pretends that the 
Unconscious exists as part of an extended apparatus, this model is already an inter-
pretation. But

interpretation doesn’t burrow down to an ultimate kernel of unconscious  material, 
which reveals the full and incontestable meaning of the dream. [Cohen, 2005, 41]

Grudgingly, Freud admits this difficulty when he concedes

that psychoanalysis is made difficult by the fact that it can only reach its data as well as 
its conclusions after long detours. [Freud 1905a, 201]

Recall that Freud compares the psychoanalytic procedure to a similar procedure 
in the physical sciences. In both areas we attempt to reach understanding of some 
phenomenon through model construction. The trouble is that the core assumption 
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of the Freudian model is not independently testable. It is by definition hidden in 
the recesses of the mind. As evidence for the Unconscious, psychoanalysis cannot 
offer hard facts, only pre-interpreted data, as they reveal themselves in dreams, 
Freudian slips, and abnormal behavior. Freud is correct in pointing out that the 
natural sciences also make inferences to unobservables. For instance, scientists infer 
the nuclear processes in the sun from the spectral analysis of sunlight on Earth. 
Kepler inferred elliptical orbits from Brahe’s data. Why should the Freudian infer-
ences attract such hostility? On the one hand, Freud offers only a narrow range of 
techniques and fails to show how the evidence credits his approach while simulta-
neously discrediting other approaches. On the other hand, Freud cannot establish 
the scientific credentials of his model of the mind without borrowing techniques 
that belong to the analysis of meaningful utterances in human affairs. Habermas 
has drawn the conclusion that Freudian psychoanalysis is essentially an interpreta-
tional affair. It is not an empirical science but a hermeneutic enterprise. [Habermas 
1968, Ch. III.10; 1983, 214, 230] But, as we shall argue, the social sciences gener-
ally, not just Freud, stand between the empirical and the hermeneutic models.

3.1.6 The role of mind in the social world
The problem of other Minds is central to the social sciences. [Hollis 1994, 160]

The evaluation of psychoanalysis as an empirical science has led to a negative judg-
ment. Rather than pointing to the natural sciences, psychoanalysis points us to the 
social sciences. In the social sciences we encounter a rather different philosophical 
atmosphere. Here the fundamental question is whether the social sciences consti-
tute a sphere of inquiry of their own – as the hermeneutic model claims – or 
whether this sphere of inquiry shows some overlap with the natural sciences – as 
the empirical model holds. We are therefore justified to consider Freud in relation 
to the social sciences. As we have seen, the unconscious mind played a central role 
in Freud’s view of human affairs. It served to explain individual human behavior 
and was the basis of culture. Whether we adopt a hermeneutic approach or an 
empirical approach to the social sciences, it is difficult to deny that symbolic dimen-
sions play a significant part in them. Whether it consists of simple gestures in daily 
encounters or of whole institutional frameworks, human behavior tends to be more 
than a mere physical act. It tends to have meaning such that social actors are con-
stantly, yet unwittingly, engaged in the interpretation of the behavior of fellow 
humans. As Searle points out:

When we engage in voluntary human actions we typically engage on the basis of rea-
sons and these reasons function causally in explaining our behaviour, but the logical 
form of the explanation of human behaviour in terms of reasons is radically different 
from standard forms of causation. [Searle 2004, 212]

With the awareness of the role of Other Minds in the social world it is also time 
to move beyond Freud. The social world consists of symbolic actors whose interac-
tions are the object of study of disciplines as diverse as anthropology, economics, 
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psychology, and sociology. They form the cluster of disciplines called the social 
 sciences. Just as the natural sciences, they engender distinct philosophical problems.

4 The Social Sciences beyond Freud

The stuff of the mind is the stuff of the world, and so the investigation of the rich 
structure of the world provides a clearly observable and empirically tractable – if 
not royal – road into the hidden countries of the mind. [Tooby/Cosmides, “The 
Psychological Foundations of Culture” (1995), 72–3]

The tension that runs through Freud’s work marks the history of the social 
sciences. Just like Freudian analysis, the social sciences emerged in the climate of 
scientism at the end of the nineteenth century. This problem situation immediately 
posed a philosophical challenge to social scientists. Should the social sciences, 
whose object of study is society, lean toward the natural sciences or the human 
sciences? This unavoidable philosophical question still divides minds. In order to 
appreciate the philosophical dimensions of the social sciences, to see the similarities 
and dissimilarities with the natural sciences, it is important to move beyond psy-
choanalysis and consider other views of social life. We will discuss the roots and 
principles of two standard models in the social sciences. They are conceptual 
models, formulated in sympathy for and opposition to the natural sciences. 
Following this discussion we will turn our attention to some typical philosophical 
problems in the social sciences.

4.1 Two standard models of the social sciences – some history5

It is fundamental to science that opinions be evidence-driven. [Earman, Bayes 
or Bust (1996), 201]

The social sciences became emancipated from philosophical thought toward the 
end of the nineteenth century. The intellectual climate of the nineteenth century 
was dominated by classical physics, Darwinism, and philosophical reactions to the 
Enlightenment. Philosophical models of the social sciences – their ontology, their 
methods and objectives – reflect these currents in thought. Two competing models 
emerged. (Between the 1930s and 1970s a third model, the critical model or 
Frankfurt School, emerged, which forged a link between the Marxist tradition and 
Weber’s methodology.) We will call the competing models the naturalistic and the 
hermeneutic model, respectively. They descend from different ancestry. The natu-
ralistic model – sometimes also the empirical model – saw its roots in classical 

5 For introductions to the philosophy of the social sciences, see Delanty/Strydom [2003]; Smith 
[1998]; Rosenberg [1995]; Hollis [1994]; Little [1991]; Braybrooke [1987]; Papineau [1979]; 
Thomas [1979]; Wright [1971]; Ryan [1970]; Weber [1968], Ch. I; Habermas [1968]; Habermas 
[1970]; Nagel [1961], Ch. 14; Winch [1958]; Popper [1957].
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phy sics. The hermeneutic model – sometimes also the interpretative model – saw 
its ancestor in the discipline of history. In this section we shall focus on their respec-
tive roots and fundamental principles.

4.1.1 The naturalistic model The intellectual roots of the naturalistic model lie 
in France, at the beginning of the nineteenth century. [Hayek 1955, Ch. II] France 
had gone through its own version of the Enlightenment. French Enlightenment 
philosophers had put emphasis on empiricism as the source of all knowledge, the 
division of political powers, and had expressed a strong admiration for Newtonian 
physics. The French Revolution imposed a radical upheaval on the institutional 
structure of French society. In this climate two social thinkers stamped their ideas 
on a philosophical model of the social sciences: Henri de Saint Simon (1760–1825) 
and Auguste Comte (1798–1857).

We find in Saint-Simon’s sketch the main characteristics of a naturalistic program 
for the social sciences:

● the unity of method: the unification of scientific knowledge and methods under 
one program;

● physicalism: the use of the physical sciences and their toolbox as adequate tools 
for the natural and the social sciences;

● the unity of approach: an approach to nature and society based on scientific 
reasoning.

Saint-Simon’s approach was new: the problem of social organization was to be 
treated “exactly in the same manner as one treats other scientific questions.” 
[Hayek 1955, 135] Saint-Simon clearly anticipated themes that were to dominate 
social science thinking in the nineteenth century. In 1813 Saint-Simon already 
observed that all sciences must become “positive.” Auguste Comte would later 
speak of a “philosophie positive.” According to the positivist program, sociology 
had to become a natural science. [Hayek 1955, 138–42, 168–88; Jonas 1968 
Vol. II, 95–115] For sociology to become positive means that it must deal with its 
subject matter as a system of natural facts. As such it abstracts from intentions, 
purposes, and values. One of the central themes of this epoch was the search for 
natural laws of human behavior (J. S. Mill) or societal development (A. Comte, 
K. Marx, A. Smith).

August Comte nevertheless stresses that the facts to which scientific explanation 
refers only exist in a given historical order. It is within this order that they are con-
stituted as facts. A positive philosophy must establish the fundamental laws of the 
respective orders in which facts exist. The key to sociology is for Comte the phi-
losophy of history. Comte distinguishes two parts of sociology: the social static and 
the social dynamic. Together they constitute the basic law of the societal order on 
which the positive explanation is based. [Table 3.1]

There is a connection between social static and social physics. Sociology becomes 
scientific by demonstrating how the present social order is a result of the progres-
sion of civilization. Comte holds that “there are laws governing the development 
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of the human race as definite as those determining the fall of the apple.” [Comte 
1853, Ch. I; Hayek 1955, 178, 138] Furthermore, the fundamental character of 
all positive philosophy is to regard all phenomena as subject to “invariable natural 
laws.” The laws, in turn, had to be unified to the smallest possible number. [Hayek 
1955, 171, 175] However, Comte does not believe that all sciences can be unified 
by reduction to physics. Rather, there exists a positive hierarchy among the sci-
ences. The emergence of sociology presupposes the development, in linear order, 
of mathematics, astronomy, physics, chemistry, and biology. Thus, sociology has 
more affinity with biology than with physics, as the use of the terms “social orga-
nism” and “organic solidarity” in Table 3.1 may suggest. Comte does not share 
Saint-Simon’s view of society as a real machine, based on industry. In his exposition 
of positive philosophy, Comte makes repeated appeals to the observable pheno-
mena. He rejects the search for “final” or “primary” causes. All the sciences deal 
with observed facts. For Comte this appeal constituted the crowning of sociology 
as a positive science. This view became, however, the bone of contention. Can the 
objects of the social sciences be treated as external facts? Are social facts identical 
with natural facts? Can social facts be related in the same way as physical facts? Is 
the assimilation of the social sciences to the physical sciences appropriate? Saint-
Simon and Comte take it for granted that these questions can be answered in 
the affirmative. However, these questions hide assumptions, which were soon to be 
cast into doubt. The hermeneutic model sought to base the social sciences on the 
study of history, not the philosophy of history. Proponents of the hermeneutic 
model at the end of the nineteenth century often referred to the social sciences as 
moral sciences, human studies, or Geisteswissenschaften. These alternative denota-
tions reveal that defenders of the hermeneutic model rejected the equation of social 

Table 3.1 Auguste Comte: Social static and social physics

 Social static Social dynamic or social physics

Stage of society Present Necessary material and 
   intellectual evolution 
   of humankind
Basic principle Organic solidarity Law of Three Stages
Basic units Individuals, family, society  Stages:
  (as totality of families) • Theological: all phenomena are 
  or social organism  governed by supernatural forces
  • Metaphysical: things have essences; 
   nature is governed by unobservable 
   principles
  • Positive: search for the real laws 
   of observable phenomena
Basic mechanism Division of labor Unidirectional succession 
   of three stages
Socio-political  Submission under  From military to 
 structure  governmental authority  industrial existence
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facts with natural facts. While natural facts are devoid of meaning, purpose, and 
value, such categories are intrinsic features of social facts.

4.1.2 The hermeneutic model
We must conclude, I think, that nomological slack between the mental and the 
physical is essential as long as we conceive of man as a rational animal. [Davidson 
1970, 223]

In order to see the origin of the hermeneutic model, we must move from France to 
Germany, where the Enlightenment had a different emphasis. In the late eighteenth 
and early nineteenth centuries, Germany was the home of Idealism. Toward the 
middle of the nineteenth century, the rise of a historical consciousness occurred: 
Marx reacted against Hegelian objective idealism and Nietzsche criticized the blind 
devotion to traditions. Historical consciousness encouraged reflections on the role 
of language and history in human affairs. It was consistent with the tradition of the 
German Enlightenment that German philosophers and historians placed strong 
emphasis on questions of method. The term “hermeneutic” originally refers to the 
art of understanding, in particular the interpretation of biblical texts and historical 
documents. But German historians also began to reflect on the nature of their disci-
pline. The second half of the nineteenth century saw the birth of historicism in 
Germany. Historicism emphasized the importance of the historical development of 
events, which it saw as unique. Historical and social events were seen as particular 
events, owing to their embeddedness in cultural traditions and nationalistic contexts. 
The human studies, as they were known, were at that time preoccupied with philo-
sophical discussions of the appropriate methods for 
their disciplines. For the philosophy of the social 
sciences, two men stand out for their contributions. 
(1) Johann Droysen was probably the first to dis-
tinguish terminologically between explanation and 
understanding (Verstehen). [Droysen 1858; Apel 
1979, 15–6; Gadamer 1975] This distinction served 
to distinguish the natural sciences, especially mathe-
matical physics – whose aim was taken to be explana-
tion – and the historical sciences – whose aim was 
taken to be understanding. According to Droysen, 
understanding is an inference from external 
 expressions to internal events. Freud, of course, 
 follows a similar procedure. That is, humans express 
mental events in external or public utterances such 
that every “utterance mirrors internal occurrences.” 
Such public utterances use the vehicle of language, just like historical documents. 
The social scientist infers from public expressions their intentional meaning. Both 
the public utterances and historical documents include dimensions of meaning.

However, the interpreter of public utterances is caught in a hermeneutic circle: a 
single expression is understood (“derived”) from a context of totality; and the 

Johann Gustav Droysen 
(1808–84)
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meaning of this totality is inferred (“induced”) from the single expression (or a 
number of such expressions). “Totality” may refer to a culture, a language, or even 
a paradigm or worldview. Thus, a symbol or gesture must be understood within the 
culture in which it is embedded; and a “culture” must be reconstructed from the 
single expressions of it. This hermeneutic circle is not just a curiosity of Droysen’s 
approach. It is an important feature of mental phenomena for, as Davidson says, 
“we make sense of particular beliefs only as they cohere with other beliefs, with 
preferences, with intentions, hopes, fears, expectations and the rest. (…) the con-
tent of a propositional attitude derives from its place in the pattern.” [Davidson 
1970, 221; cf. Gadamer 1975, Part II, Ch. I]

In direct opposition to positivism, Droysen raises a claim to the  methodological 
autonomy of the historical sciences. Historical research does not seek explana-
tion, i.e., the deduction of later events from earlier events with the help of 
“ necessary” laws. If historical research could be reduced to explanation, then 
historical and social life would be without moral dimensions, without freedom 

and  responsibility.
(2) But it was Wilhelm Dilthey who set the tone 

of the explanation–understanding debate. [Dilthey 
1883; 1894; 1906] Dilthey’s thin king on the 
 subject of “understanding” is important for two 
 reasons: (1) Dilthey’s philosophy seeks to justify an 
 autonomy claim for the social sciences; (2) Dilthey’s 
 position shifts from an early subjectivist to a later 
objectivist view of the notion of understanding. 
As a result of this transition his model for the social 
sciences shifts from introspective psycho logy to 
objective history.

Let us consider first Dilthey’s justification for the 
autonomy claim of the social sciences. There exists a 
fundamental difference, he claims, between the nat-
ural and the social sciences. The difference can be 
captured by reflecting on the structural relationships 

which the natural and the social scientists entertain, respectively, with their subject 
matter. The details of the matrix provide Dilthey’s justification for the autonomy 
of the social sciences. [Table 3.2]

Wilhem Dilthey (1833–1911)

Table 3.2 Dilthey’s matrix

 Subject of  Object of  Structural  
Science study study relation Method

Natural  Natural  Animate and  Subject–object  Explanation
 science  scientist  inanimate matter  relation
Social  Social  Symbolic  Subject–subject  Understanding
 science  scientist  human affairs  relation
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On the one hand, there is the subject–object relationship, considered to be char-
acteristic of the natural sciences. The natural scientist forms part of a group of 
people who share a common paradigm. According to Kuhn, a paradigm consists of 
symbolic generalizations, exemplary problem solutions, particular views of nature 
and reality, and a science-specific value system. By using a paradigm, the scientist 
approaches the natural world with the aid of some symbolic mapping in order to 
describe and explain natural processes. We can think of the scientist’s effort as an 
attempt to “fit” symbolic thought, which is expressed in theories, models, and 
mathematical laws, to a natural system. As we know from Kepler, natural systems 
are subject to certain regularities, which we call laws of nature. Scientists study 
these regularities and express them in symbolic form (e.g., F ma F F A P= = −

�
; ; 3 2∝ ). 

These symbolic expressions are the laws of science. Scientists also study the causal 
order of nature: why stars remain stable, why planets move in orbits, and why 
species diversify.

What distinguishes the natural from the social sciences is not, according to 
Dilthey, that they “cover different ranges of facts.” [Dilthey 1906, §II (171); 1883, 
§III (163)] Biology, chemistry, and physiology deal with aspects of human beings, 
like the human sciences, and yet they are natural sciences. It is not the case that the 
social and the natural sciences deal with completely disparate objects of study. 
Rather, it is the way these disciplines are related to the objects of study, their facts, 
that determines the difference.

The study of the physical world involves only its external aspects, e.g., the study 
of its lawful regularities and its causal order. Dilthey calls these aspects “outer rea-
lity.” [Dilthey 1900, 247]

The human studies, on the other hand, are engaged in a subject–subject relation-
ship. There is a social scientist, also forming part of a group of people sharing a 
common paradigm. But in the social sciences, these paradigms are much less mono-
lithic and command less authority than in the natural sciences. The social scientist 
also approaches the social world with the aid of some symbolic mapping (ideal types) 
in order to describe and understand social processes. The approach of the social 
scientist is heavily influenced by a pre-adopted methodological position. These 
methodological positions are spelled out in the naturalistic, hermeneutic, or critical 
models respectively. But the social sciences, in Dilthey’s view, are related differently 
to the social world than the natural sciences are related to the natural world.

The study of the human world involves its internal aspects: the study of its sym-
bolic meaning and its purposive order. By purposive order Dilthey means the “inner 
mental reality” of human beings, the intentional nature of human actions. Freud 
located much of the purposive order of human behavior in the hidden Unconscious. 
The aim of the human studies or social sciences resides in the understanding of 
social phenomena. This exercise involves quite different categories: meaning, pur-
pose, value, development, and ideals. [Dilthey 1906, 172, 235–6] Dilthey conceives 
of understanding as a new and important technique in the social sciences. First, 
there is a reason for the reliance of the human studies on understanding. Only in 
understanding can the relationship between the inner life and its outer expressions 
be comprehended. For human actions are influenced – “determined” as Freud 
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would say – by the structure of mental life. It is the mental structure, according to 
Dilthey, that forms the logical subject of the social sciences. The social scientist 
abstracts “this structure of experiences from the pattern of man’s life.” [Dilthey 
1906, §1 (170–1)] It is because of the inner reality behind the outer expressions of 
life that the social sciences are involved in a subject–subject relation. Symbolic 
meaning meets symbolic meaning.

Both the natural and the social scientists deal with order. Both attempt to order 
the observational data into a conceptual scheme (a model or theory). [Dilthey 
1906, §III (173–5)] The difference between them appears on the object side. 
[Table 3.3]

Dilthey’s insistence on a mind-constructed social world marks an important dif-
ference between the natural and the social sciences. [Dilthey 1906, 191–5] The 
appeal to a mind-constructed social world is important for our purposes. In the 
characterization of the social world as a mind-constructed world, Dilthey reveals an 
important transformation from a purely subjectivist to a more objectivist view of 
the notion of understanding.

Droysen had claimed that the study of the human world involves an inference 
from external expressions to internal events. It refers to “inner aspects” of our 
mental life, as Dilthey said. If the social sciences must make inferences to the inten-
tional structure of human action, then the notion of understanding takes on a 
psychologistic connotation. [See Abel 1948] The early Dilthey stressed that the 
human studies found a firm anchorage only in inner experience, in the facts of 
consciousness. [Dilthey 1883, 161] Understanding of other social actors was based 
on lived experience and self-understanding. [Dilthey 1927, 123] However, later 
Dilthey loosened his fixation on introspective self-knowledge as a model for the 
human studies. [Dilthey 1906, 176] Rather, humans had to be understood by 
what is common to them and by virtue of their interrelatedness. [Dilthey 1894, 
131] The shared context, in which humans exist, takes on objective forms, owing 
to the use of symbolic language and the creation of social institutions. The objec-
tive forms, which Dilthey calls “objective spirit” [Dilthey 1927, 126], comprise: styles 
of life, forms of economic interactions, public displays of morality, the existence of 
law, state, and religion, of art, science, and philosophy. Some of these forms are 
more objective than others: it may be hard to define the French way of life but 
forms of economic interactions can be arranged along a continuum from free 

Table 3.3 The difference between the natural and the social sciences, according to Dilthey

Natural sciences Social sciences

• Deal with pre-given world of  • Deal with pre-given mind-constructed
interrelated physical systems  world of interrelated social systems

• Deal with causal order • Deal with purposive order
• Physical changes occur as a result of  • Social changes occur as a result of conscious

blind forces and are described in the   human interventions but they are
laws of science  not based on laws
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 markets to directed economies. Moral and legal regulations are often written in 
public, coded form and the state, religions, the arts, science, and philosophy oper-
ate in observable institutional frameworks. These forms of collective life are main-
tained and modified in the present but their roots are grounded in the past and 
their existence extends into the future. It must be said that Dilthey never freed 
himself completely from the view that “understanding rests on the relationship of 
expressions of life to the inner meaning, which comes to expression in them.” 
[Dilthey 1927, 137] Yet he did not relapse into psychologism. Dilthey stresses that 
the mind-constructed world is a system of interactions, which creates values and 
realizes purposes. In this respect the social world is not a causal order of nature. 
Every social fact is a human artifact; it has a historical dimension. [Dilthey 1906, 
192; cf. Gadamer 1975] The operation of understanding reveals the “objectifica-
tions” of life, that is, the external rather than the internal aspects. Human inten-
tions, the “inner aspects” of human existence, can become externalized. The 
externalizations are visible in many kinds of structural systems: cultural, economic, 
and political systems are embedded in observable institutional frameworks.

Dilthey’s position in the social sciences anticipated many of the leading themes 
in twentieth-century philosophy of the social sciences. Many philosophers affirm 
the autonomy of the social sciences with respect to the natural sciences by virtue of 
the reason-based nature of human existence. [Hollis 1994, 160; Davidson 1970, 
223; Searle 2004, 212] But social scientists and philosophers began to question 
Dilthey’s view that understanding is a technique which defines the procedure in the 
social sciences. Rather they characterized understanding as a mode of social exist-
ence (Habermas, Gadamer, Giddens). What consequences does this have for the 
methodological status of the social sciences? Second, Dilthey’s inability to shed 
the psychologistic trappings of his notion of understanding was seen as leading to 
the threat of relativism in the social sciences. [Apel 1979, 36] Is relativism an insur-
mountable problem in the social sciences? Third, it was asked to what extent 
Dilthey’s dichotomy between explanation and understanding was an appropriate 
characterization of the similarities and dissimilarities between the natural and the 
social sciences. In the light of this discussion we can see that Freud could not avoid 
his balancing act between an empirical and a hermeneutic model. In view of the 
historical roots of the social sciences (in France and Germany, respectively) the balan c-
ing act is unavoidable. It lies in the logic of the problem situation in which the social 
sciences are situated. A number of classical questions arise from this situation:

1. Can the tension between explanation and understanding be resolved?
2. Do the social sciences have to adopt relativism or can they embrace a position 

of realism?
3. Can the social sciences be a value-free activity?
4. From which point of view must societal relations be explained (individualism 

or holism)?

We approach these questions through a consideration of the essential features of 
the modern versions of the naturalistic and the hermeneutic models, respectively. 
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Once we have discussed these essential features, further methodological questions 
appear as consequences of the problem situation of the social sciences:

 5. The question of the autonomy of the social sciences in view of the role of 
mind in the social world.

 6. The role of predictions and explanations in the social sciences.
 7. The role of models in the social sciences.
 8. The question of the existence of laws in the social sciences.
 9. The question of underdetermination of social science models with respect to 

empirical evidence.
10. The existence of causal relationships in the social sciences.

4.2 Essential features of social science models

The hermeneutic view of psychoanalysis has been given philosophical backing by 
the distinction between reasons and causes. [Stevenson/Haberman, Ten Theories 
(2004), 170]

The naturalist and hermeneutic models emerged in a climate of scientism. They are 
reactions to the success of the natural sciences, especially to classical physics and, to 
a lesser degree, evolutionary biology. The vacillation of Freud’s position between 
explanation and understanding bears witness to this problem situation. The modern 
social scientist is in the same situation as Freud – a philosophical commitment to a 
model of the social sciences is unavoidable. [Rosenberg 1995, xiii, 3] It lies in the 
logic of the social sciences. Their object matter is, broadly speaking, society. So 
the question of how to approach this object matter immediately arises. As we have 
seen, the question divided social scientists from the beginning. For the naturalistic 
model the right approach was to follow the footpath of the natural sciences and 
adopt, with modifications, the methods of the natural sciences. For the herme-
neutic model, the methods of the natural sciences are incompatible with the object 
matter of the social sciences. The social sciences require a distinctive method, which 
the proponents of this model identified as understanding. All the philosophical 
problems of the social sciences immediately follow from this basic choice of direc-
tion. As we shall see, Max Weber and later writers like Popper attempted a compro-
mise position, which leads to a weak form of naturalism. Their basic methodology 
is that of ideal types.

4.2.1 Essential features of the naturalistic model A first decisive feature of the 
naturalistic or empirical model is a commitment to the unity of method. This is 
the belief that the methods of the natural and social sciences are similar. This simi-
larity implies that suitable modifications can transform the methods of the natural 
sciences into appropriate methods for the social sciences. Thus Durkheim stipu-
lates, as the first and basic rule of sociology, to consider social phenomena as things, 
i.e., as external objects. [Durkheim 1895, Ch. II. 1] For Durkheim the intentional 
states of individual actors – their motivations, reasons – need not be considered. 
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The analysis of society must be objective. It must employ objective concepts, which 
are possibly quantified. The social scientist must strive to describe the general 
rather than the individual manifestations of social life. Social, political, and eco-
nomic structures as well as legal and religious institutions are the objects of social 
research. A commitment to the unity of method is a common feature of many 
proponents of the empirical model. Popper stresses that there may be differences 
in degree between the social and the natural sciences but no differences in kind. 
[Popper 1957] Both adopt a hypothetico-deductive method, inspired by Hempel’s 
DN or IS model of explanation.

We cannot assume, as the founding fathers of the empirical model did, that the 
social sciences have law-like generalizations at their disposal. The social sciences 
often work with statistical generalizations; for instance, economists can state what 
percentage of the households in a particular country earns an average salary and 
what that average salary is. These generalizations are often local in character and 
riddled with exceptions. Consider, for instance, a medical explanation according to 
which the probability, p, of recovery, R, for sufferers, S, who are given penicillin 
treatment, P, is very high: p(R, S.P) > 0.8. Envisage two time frames: T1 is a 
moment in 1950 and T2 is a moment in 2000. It is a well-known fact that the prob-
ability of recovery for treatment with penicillin has decreased from T1 to T2. The 
decrease is due to the evolution of penicillin-resistant bacteria. While at T1 there 
indeed existed a relation of high probability between P, S, and R, this probability 
may have fallen by as much as 50 percent. Similar situations exist in the social 
sciences. Nevertheless, they are statements of a general kind, e.g., economic cycles, 
aggregate demand and supply curves, mobility trends in a population, and the 
classification of households according to socioeconomic criteria. On the basis of 
such generalizations, social scientists will make pattern predictions. These are

predictions of some of the general attributes of the structures that will form them-
selves but not containing specific statements about the individual elements of which 
the structures will be made up. [Hayek, quoted in Barrow/Tipler 1986, 140; cf. 
Woodward 2003, Ch. 6.4]

But the status of these patterns must be established: are they like laws in the natural 
sciences?

A second decisive feature of the empirical model is its insistence on causal 
 analysis. Durkheim, the father of modern sociology, had already insisted on the 
need for causal analysis. The proponents of the empirical model stress that 
the social  sciences, just like the natural sciences, must be able to provide causal 
explanations of social phenomena. Freud certainly treated dreams, slips of the 
tongue, and neurotic symptoms as the effects of past causal conditions in an 
 individual’s life. Similarly, sociologists seek to explain the existence of the division 
of labor in many societies and forms of social stratification. Economists construct 
models to explain consumer behavior and types of market societies. The purpose of 
these constructions is to answer “why”-questions. The causal analysis in the social 
sciences can cover very diverse phenomena. For instance:

9781405181846_4_003.indd   2199781405181846_4_003.indd   219 7/31/2008   9:53:34 AM7/31/2008   9:53:34 AM



220 Sigmund Freud: The Loss of Transparency

● In 1999 the Home Office in Britain predicted that the number of burglaries and 
thefts would increase by almost a third in a short time span of two to three 
years. The expected rise in crime is a consequence of the rise in the young male 
population in Britain. In this instance we have a causal analysis and a prediction 
rolled into one. The increase in the number of burglaries and thefts is blamed 
on an increase in the number of young adults and a growth in the amount of 
stealable goods. The latter are the causal conditions, which are said to lead to 
the effect, if no other conditions interfere.

In an earlier chapter we discussed causal models of explanation. But which model 
of causation is most appropriate for the social sciences? A moment’s reflection 
shows that we cannot causally explain social events along the line of a causal–
mechanical model of physical events. Such a model seeks to trace the physical 
conditions which lead from antecedent causal conditions to subsequent mechanical 
effects. A causal–mechanical model may explain why a planet orbits the sun. But it 
cannot explain why World War II occurred. Nevertheless, the above example 
 demonstrates that social scientists seek causal explanations of social events. It is a 
separate issue to formulate an appropriate philosophical model of causation, in 
terms of which these findings can be expressed.

Before we consider such questions as to whether “social” laws exist or how cau-
sation happens in the social world, another question arises. Do the changes we 
observe, as a result of long-term or short-term historical or social developments, 
originate on the individual or collective level? This third feature refers us to the 
distinction between individualism and holism. Many authors adopt a position of 
individualism. The thesis is that there exist (causal) regularities underlying social 
phenomena, which reflect facts about individual agents. These facts about indi-
vidual agents express their intentions, reasons, and motives. Some authors, like 
J. S. Mill and S. Freud, assume that psychological “laws” exist on the level of indi-
viduals. But the discussion of Freud has made us suspicious of such an assumption. 
[See Davidson 1970; Little 1991, 18] Individualism is therefore a bottom-up 
approach. Any large-scale macro-social effects are said to be reducible to facts about 
individual members of society. At the individual level, psychological mechanisms 
may be at work, like the avoidance of cognitive dissonance or an individual’s desire 
to improve their social conditions.

Durkheim did not believe that an individualist account of causation would 
work. He pursued a holist line. He rejected the idea that all macro-social 
changes could be reduced to individual factors. The economic activity of a 
 society, Durkheim suggested, could not be reduced to individuals’ desire to 
acquire wealth. [Durkheim 1895, Ch. V.2] Social facts cannot be explained by 
reference to individual facts or even a collection of individual facts. If  large-
scale social phenomena cannot be explained “from the bottom up” then indi-
vidualism cannot account for social phenomena. Durkheim prefers a top-down 
approach. He points out that social phenomena exert a force on the individuals, 
so that they must possess a nature of their own. The explanation of social 
facts must be sought in the nature of society. Society transcends the  individual 
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both in space and in time. The whole is more than the sum of its parts. For 
instance:

● A causal relationship between the drop in crime rate and legalization of abortion 
has been claimed. [Scientific American December 1999] Two American econo-
mists proposed the causal hypothesis that the annual drop in crime rates, observed 
across the US since the early 1990s, is causally related to the legalization of 
abortion in 1973. The legalization reduced the number of unwanted children; 
according to the economists, unwanted children are more likely to commit crime.

Freud appealed to similar explanations to understand crowd behavior. As crowds 
exercise an influence over the behavior of individuals, crowd behavior is qualita-
tively different from individual behavior. In a crowd, says Freud, individuals display 
“lack of initiative, weakness of intellectual ability, lack of emotional restraint and 
delay and the inclination to exceed every limit in the expression of emotions.” 
“Man is (not) a herd animal but rather a horde animal,” e.g., individuals are led by 
a chief. [Freud 1921, 117, 121] It remains to be discussed whether holism must 
treat society and social institutions as separate entities. [Section 4.4.6]

4.2.2 Essential features of the hermeneutic model
In truth, it is hardly possible to give a description which has general validity. We 
find the most different reactions in different individuals, and in the same indivi-
dual the contrary attitudes exist side by side. [Freud 1931, 233]

As we observed before, the hermeneutic (or interpretative) model stands in oppo-
sition to the empirical model on many specific issues. This opposition can be 
derived, in part at least, from the general opposition to the unity of method. 
Proponents of the hermeneutic model argue that it is wrong to analyze human 
societies and human relations in terms of general laws and causal relationships. It is 
wrong because the conceptions in terms of which we explain social events are 
logically incompatible with concepts in terms of which we explain natural events. 
[Winch 1958, 95] Already Wilhelm Dilthey, one of the founding fathers of this 
approach, had argued that human life can only be understood in categories which 
are useless in knowledge of the physical world. Human behavior has to be under-
stood in terms of meaningful categories, i.e., “purpose,” “value,” “development,” 
and “ideal.” [Dilthey quoted in Hollis 1994, 17]

From this general stance, we can derive several points, which stand in contrast to 
those made on behalf on the naturalistic model.

1. Social phenomena must not be regarded as external objects, as Durkheim had 
urged. Social relations are internal relations. Social actors conceive of their own 
behavior in terms of meaningful concepts. The social scientist must include these 
concepts in her/his description of social life. The concept of understanding 
( Verstehen) is essential in this description. If you do not understand the meaning of 
the social action, you do not understand social life. Social phenomena are to be 
analyzed in terms of intentions, reasons, social rules, norms, and conventions. 
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[Winch 1958, 42] The symbolic concepts by which social scientists describe them 
are part of the social action itself. The concept of some social action, like inten-
tional greeting – and also the network of concepts which surrounds the concept of 
civil behavior – is internal to the social action of the individuals, whose existence 
the social scientists describe as “being civil.” There must therefore exist an overlap 
between the vocabularies of the social scientist and the social agent. The social 
scientist must be a participant observer. Social actors already conceptualize social 
action, irrespective of the presence or absence of the social scientist; social scientists 
must capture this conceptualization.

2. In this connection, proponents of the hermeneutic model emphasize a further 
distinction between, on the one hand, relations, like cause and effect, which are 
external, and, on the other hand, relations, like reason and action, which are inter-
nal. Natural events are said to be governed by cause–effect relations, while human 
behavior is said to be governed by reason–action relations. The thesis is that what 
prompts human behavior are reasons, not mechanical causes. [Ryan 1970, 117–22] 
The relation between cause and effect in natural events is quite different from the 
relation between a reason and an action. This distinction again serves to emphasize 
the difference between a naturalistic and an interpretative approach. According to 
naturalism, the connection between reasons (desires, beliefs) and action is a causal 
connection. According to interpretivism, the connection between action and reason 
is a logical connection.

The logical connection argument links reasons and actions. The reason serves to 
explain why an individual action happened: “She raised her arm because she desired 
to greet someone.” “He spoke rudely because he intended to insult someone.” 
Giving a reason is a re-description of the action. It seems that reason and action are 
not logically independent of each other, as they must be if they were cause and effect. 
But even though it may be true that an action cannot be divorced from its inten-
tional content, when we re-describe it, this does not mean that the reasons cannot 
play a causal role in the occurrence of the action. The reason causes the agent to 
perform the action. Reasons often have a causal component. [Rosenberg 1995, 
Ch. 2; Davidson 1963; Mackie 1980, 120–1, 287–96; Levison 1974, Chs. 4, 5]

The proponents of the hermeneutic model are right that there are differences 
between reasons and causes. We should not infer from these differences, however, 
that human behavior cannot be explained causally. Recall the examples of causal 
explanations mentioned in connection with the discussion of the empirical model 
(the link between an expected rise in crime rates and the increase in the young male 
population or the drop in crime rate and the legalization of abortion, respectively). 
The causal explanations hypothesize about probabilistic, rather than deterministic, 
relations, referring to social groups rather than individual social agents. But we 
seem to have a cluster of sufficient conditions, probably incomplete, which are 
candidates for antecedent causal conditions which bring about the observable con-
sequent effects (drops or rises in crime rates), under ceteris paribus assumptions. 
The examples suggest that it is perfectly possible in the social sciences to state 
sufficient conditions, which tend to increase the probability of the effect.
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In normal intentional actions we have two necessary conditions: (1) there must 
be a logical relation between the reason and the action. The intention to do X and 
doing X are logically related and we capture this relation in our re-description 
of the action. But our ascription of the intention to the agent can be mistaken. 
(2) The reason must have played a causal role in the occurrence of the action. This 
causal component of the reason may not be identical with the publicly stated 
motive of the agent. If the action occurs, there is a causal component in reason-
explanations. Furthermore: (3) we can have the intention to do X and not do X. 
“The way to hell is paved with good intentions.” (4) Often individuals and social 
groups act because they simply follow social norms and rules. [Braybrooke 1987, 
Ch. 3; Salmon 2003] They exist independently of individual social actors.

Durkheim’s strict empirical model is mistaken in neglecting the meaning com-
ponent in causal explanations. The pure interpretative model is also mistaken in 
neglecting the causal component in reason-explanations. There is a need for a 
more considered model of the social sciences, which is able to combine meaning 
relations and causal ascriptions. We shall encounter such a compromise model in 
Weber’s methodology of ideal types.

There are some further notable differences between the naturalistic and the 
hermeneutic approaches.

3. The interpretative approach denies that there are universal or cross-cultural social 
phenomena. It will admit only the cultural variability of symbolic systems. [Little 
1991, Ch. 4] Instead of looking for the existence of social laws, or social regularities, 
this approach insists on the importance of local rules. It often explains individual 
behavior by reference to particular intentions. But social behavior is explained by 
reference to social rules, norms, and conventions, which are particular to individual 
societies. Social action, for instance, may be a case of rule-following. [Braybrooke 
1987; Little 1991] This opposition creates a contrast between the universalism inher-
ent in the naturalistic model and the particularism of the hermeneutic model.

4. Even though we are now firmly ensconced on the side of understanding, it is 
still possible to inquire whether the analysis should be pitched at the holistic or the 
individual level. The question is whether our understanding of social phenomena 
should be grounded in individual actions or in social institutions. Weber makes a 
distinction between meaningful and social action and regards the social action as 
the sum of the meaningful actions of the individuals.6 It is also possible to take the 

6 Weber defines social action as “an action in which the meaning intended by the agent or agents 
involves a relation to another person’s behaviour and in which that relation determines the way in which 
the action proceeds.” [Weber 1978, 7, cf. Weber 1968, 4, 22; italics in original] “Not every kind of 
human contact is social in character: it is only social when one person’s behaviour is related in its mean-
ing to the behaviour of other people. For example, a collision between two cyclists is a mere occurrence, 
like a natural event. But when they try to give way to each other, or when they engage in insults, fisti-
cuffs, or peaceful discussion after the collision, this does count as ‘social action’.” [Weber 1978, 26; 
italics in original; cf. Weber 1968, 23; Winch 1958, 45–6]. Elster [2007], with his “belief-desire-model 
of action” defends a contemporary version of individualism.
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holist line and to determine all meaningful behavior as social in nature. It can be 
meaningful only if governed by rules, and rules presuppose a social setting. [Winch 
1958, 116] There is thus the same division between individualism and holism as on 
the empirical approach.

Looking back over the differences between the naturalistic and the hermeneutic 
models we see to what extent Freud is poised between these two positions. On the 
one hand, Freud displays naturalistic tendencies. Psychological facts are external 
facts, subject to the laws of the dynamic Unconscious. But this approach does not 
work because Freud makes faulty inferences and cannot rely on a pool of objective 
raw data. On the other hand, Freud has to resort to techniques of interpretation. 
Freud’s theory of hidden meaning was an attempt to interpret individual behavior – 
neurotic symptoms, Freudian slips, and dream symbols – in terms of underlying 
sexual motivations. Thus a neurosis reflects the unhealthy repression of the Id by 
the Ego. A person’s sexual desires must be unearthed in meaning analysis to give 
an account of their present behavior. Freud extended this approach to explain 
the existence of many social institutions and cultural forms. Freud interpreted the 
existence of cultural products – Dilthey’s objectifications – as a result of the work 
of sublimation. Sublimation is characterized as the ability to divert sexual energy 
from direct sexual satisfaction to indirect forms of satisfaction. These indirect forms 
manifest themselves as cultural products.

There is clearly a need for a compromise position, which will be able to weave 
strands from the empirical and the hermeneutic traditions into a coherent model for 
the social sciences. As we turn to questions of methodology, we shall see that Weber’s 
ideal-type approach to the social sciences is such a constructive compromise.

4.3 Questions of methodology

It is more promising in scientific work to attack whatever is immediately before 
one and offers an opportunity for research. [Freud 1916a, 27]

From our discussion it has emerged that the use of symbolic mappings is as essen-
tial for the social scientist as it is for the natural scientist. The social world is 
extraordinarily complex, so the social scientist must employ idealizations and 
abstractions in order to describe and explain social reality. The symbolic mappings 
used by the social scientist invite a number of methodological questions, which 
are quite specific to the social sciences. One issue concerns attempts to clarify the 
notion of Verstehen. Another issue to be addressed is what kind of models the 
social sciences employ. We have already illustrated the use of causal explanations in 
the social sciences, but what shape does a philosophical model of causation for the 
social sciences take? This question is rather tightly connected with the issue 
of social laws. Whether such laws exist or not in turn has an impact on the role of 
explanations and prediction in the social sciences. Finally, questions of realism, 
relativism, and underdetermination arise, as well as the issue of functionalism and 
reductionism.
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∞ 4.3.1 What is Verstehen? We have already pointed out that understanding in 
the interpretative model means that social action must be analyzed by reference to 
social rules (norms, conventions) and individual action by reference to intentions 
(motive, reasons). But if Verstehen is to be a method in the social sciences, as Dilthey 
intended, the question that arises is “What is this operation called Verstehen?” 
There are three ways of characterizing Verstehen: (a) in terms of empathy; (b) in 
terms of ideal types; (c) in terms of social conditions.

Let us briefly consider these three ways of understanding “understanding.” The 
empathy model (a) has its roots in nineteenth-century historicism. As we have 
stressed, historicism is the view that different ages and cultures have to be under-
stood on their own terms. The method recommended to achieve this aim was 
empathy. Empathy is the presumed ability to immerse oneself retrospectively in a 
culture and its bearers and understand them from within. [Abel 1948] We under-
stand a given human situation – be it an individual action or a correlation between 
general events – if we can apply to it a generalization based upon personal experi-
ence. We have already seen the weakness of this approach from the early phase of 
Dilthey’s notion of Verstehen. Dependence upon personal knowledge is the first 
limitation of this approach. Most interpretations will remain mere expressions of 
opinion, subject only to “tests” of plausibility. A second limitation to this use of 
Verstehen is that it is not a method of confirmation. As we have learned from our 
consideration of Freud, we cannot conclude from the affirmation of a permissible 
inference that it is also an admissible inference. Freud offers a coherent account of 
psychic phenomena, a possible connection between present symptoms and past 
conditions, but he fails to show that it is also a probable connection. From the 
point of view of the empathy model, any possible connection between motives 
and actions tends to be a certain connection. In any case, the test of the actual 
probability of the explanation calls for the application of objective methods of 
observations, e.g., experiments, comparative studies, statistical calculations. [Abel 
1948, §III]

Max Weber formulated a different model of 
Verstehen (b), which does not rely on empathy. What 
is interesting, however, is that the concept of under-
standing is not simply abandoned. Weber insists that 
this concept is central to the social sciences. Weber 
starts out by saying that social action manifests 
 regularities. But what distinguishes regularities in 
human action is that they display symbolic meaning, 
which must be interpreted. But, as Weber points out, 
ascribing meaning to human action, and claiming to 
have “understood” this action, does not yet show 
that it has empirical validity. For two identical types 
of action, which are observable, may be based on 
quite different motives, the most evident of which is 
not necessarily the actual one. Therefore Weber 
requires that the method of understanding must be Max Weber (1864–1920)
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226 Sigmund Freud: The Loss of Transparency

counterbalanced by the method of causal  ascription (kausale Zurechnung). 
It  consists in the ascription of rational types of motives to the action. [Weber 1913, 
97] To achieve these causal explanations we need rational constructions or ideal 
types with reference to which empirical reality is compared. [Weber 1914, 303–4] 
Consider, for instance, an economist who wishes to understand the purchasing 
behavior of economic agents. The economist will develop a model, based on her/
his understanding of human behavior in a particular society, which assumes that 
typical economic agents have stable preferences, avail themselves of optimal infor-
mation about the market, and that this market is in equilibrium. [Becker 1986] 
Note that the model of the economic agent makes a ceteris paribus statement 
about what typical consumers in such idealized situations would do. The social 
scientist is in the business of building idealized, hypothetical constructions, to 
which empirical reality can be compared in terms of its deviations. [Weber 1914, 
304–5] The assumptions the economist makes must be confirmed as they may not 
be correct in all markets. In a nutshell, this is Weber’s methodology of ideal types. 
[See Section 4.3.2]

According to Weber, then, the social sciences need to understand the rules 
and values of a particular society; on this basis they construct ideal-typical 
 behavior. These ideal types are then checked against empirical reality. If they 
deviate too much, the models need to be modified. Weber proposes a gamut of 
idealizations with which to approach empirical cases. They provide “grades of 
 understandability” of social actions. [Mommsen 1974, 221] Consider one of the 
most important ideal types of social action (apart from emotional and  traditional 
behavior):

● Purposive-rational action (zweckrationales Handeln). In this type of action,

the agent may use his expectations of the behavior of external objects and other 
human beings as “conditions” or “means” to achieve as the outcome his own ration-
ally pursued and calculated purposes. [Weber 1978, 28, cf. Weber 1968, 24–6]

According to rational choice theory, an economic agent clearly perceives 
the objectives and chooses the means which s/he subjectively considers the 
most adequate to achieve the objective. The maximizing utility behavior of 
economic agents or individual firms in the concrete marketplace is treated as 
if they were seeking rationally to maximize their expected returns. [Friedman 
1953, 21] The understanding of human action in terms of purposive  rationality 
has, according to Weber, the highest degree of “evidence.” [Weber 1913, 
107; Mommsen 1974, 221]

The function of ideal types is to understand social action in terms of these models. 
The messy behavior of actual social agents must be assessed in the light of the 
ideal types:

For example, in explaining a panic on the stock exchange, it is first convenient to decide 
how the individuals concerned would have acted if they had not been influenced by 
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irrational emotional impulses; then these irrational elements can be brought in to the 
explanation as disturbances. [Weber 1978, 9; 1968, 6]

The ideal type serves as a hypothetical model, which can explain empirical cases, 
when abstraction is made from deviations, due to irrational factors (emotional 
impulses, errors). [Weber 1913, §2] A social science, which aims to describe and 
explain general aspects of social life, cannot sum over what actual individuals do; it 
must average over what typical individuals do and think. Social science is interested 
in the typical consumer, motorist, voter, who are modeled in ideal types.

By combining explanation and understanding, Weber hopes to achieve explana-
tory understanding. [Weber 1913, 107–9; Weber 1968, 8; cf. 1978, 11] The aim 
of Weber’s work is to formulate a compromise position between the empirical and 
the hermeneutic models. Weber rejects the Diltheyian contrast between explana-
tion and understanding, which was supposed to be the distinctive difference 
between the natural and the social sciences. Consider a social action which occurs 
with some frequency, like a large number of people entering and leaving a parti-
cular building with some predictable regularity. Stating this frequency in terms of 
numbers does not help to understand that action. Constructing an ideal type of 
purposive rational behavior explains nothing about the frequency of the action in 
society. The social scientist must combine both aspects. The statistical frequency of 
some action is to be regarded as “explained” when its meaning is understood and 
interpreted. The particular building may be a university; this sets the symbolic 
frame, in which the movement of people makes sense. The interpretation of mean-
ingful behavior, even when it seems evident, is at first only a hypothesis, which is 
subject to tests. [Weber 1913, 108] We achieve explanatory understanding of social 
action in two ways: either in terms of the rational motives, which the model assigns 
to individuals and which are confirmed in general; or in terms of social norms and 
values, which hold in a society and guide social action on average. Weber writes:

In all these cases, the term “understanding” refers to the interpretative grasp of the 
meaning or pattern of meanings, which are either a) really intended in a particular 
case (as is normal in historical inquiry), b) intended by the average agent to some 
degree of approximation (as in sociological studies of large groups) or c) constructed 
scientifically for the “pure” or “ideal” type of a frequently occurring phenomenon 
(this can be called “ideal-typical” meaning). [Weber 1978, 12; 1968, 9]

(c) In recent contributions to the methodology of the social sciences, the empha-
sis on Verstehen has shifted from the earlier Diltheyian conception as a method 
which was supposed to be peculiar to the social sciences, to a new understanding 
of Verstehen as generic to all social interactions. [Giddens 1993; Habermas 1970 
(1988); 1981 (1984); Gadamer 1975] There is still a contrast between the natural 
and the social sciences. It is not a contrast of methods but one between a single and 
a double hermeneutic.

If social action has symbolic meaning then the social sciences must possess features 
which are absent from the natural sciences. Consider the contrast between nature 
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and society and by extension between the natural and the social sciences. [Giddens 
1993, 20–1, 9, 86–7; Habermas 1970, 87 (1988, 13–4)] If by nature we under-
stand the set of natural processes which evolve irrespective of human volition and 
planning, then nature is not a human product; it is not created by human action.

Darwin wrote that by nature he meant only the “aggregate action and product 
of many natural laws.” [Crombie 1994, Vol. III, 1752] If by society we understand 
the ensemble of social relations which humans entertain, then society is created 
and re-created by the participants in every human encounter. This production of 
social life by lay actors involves frames of meaning. This symbolic meaning is 
derived from cultural traditions in society; it is also continued and changed by the 
interaction of social actors. [Gadamer 1975, Ch. II]

Hence the data with which the natural and the social sciences deal, respectively, 
do not have the same structure. The social sciences deal with a pre-interpreted 
world; they stand in a subject–subject relation to their “field of study.” Their field of 
study is the pre-interpreted world of the social actors. The social actors uphold and 
develop the symbolic social world; the social actors’ symbolic world enters into the 
construction and production of that world. In this sense the construction of social 
theory involves a double hermeneutic. [Giddens 1993, 154; Habermas 1981, 159, 
162 (1984, 107, 110)] The social scientist must interpret a social world which 
already exhibits symbolic meaning. In this sense the social scientist must become a 
participant observer. The problem of Verstehen arises already beneath the threshold 
of a theoretical reconstruction of the data. It arises on the level of producing and 
obtaining the data. The situation of the double hermeneutic, with which the social 
sciences are faced, has a bearing on the attitude of the social scientists toward their 
subject matter. First, the social scientist must map her/his symbolic constructs 
(ideal types) onto the frames of meaning involved in the production of social life 
by lay actors. Second, technical concepts and theories invented by social scientists 
can in turn be fed back into the social world. They become constituting elements 
of that very subject matter they were coined to characterize; by that token they 
alter the context of their application. [Giddens 1993, 86] That is, technical terms 
(social class, globalization), invented by the social scientist to grasp social reality, 
can be appropriated in the social world, becoming part of the symbolic dealings of 
social agents. The concepts employed by social scientists are dependent upon a 
prior understanding of those used by lay people in sustaining a meaningful social 
world. [Giddens 1993, 59, 155–62] Hence, the sociological observer cannot con-
struct a technical metalanguage that is unconnected with the categories of natural 
language. [Habermas, 1970, 202, 263 (1988, 105, 152)]

This double hermeneutic has, according to Giddens, no parallel in the natural 
sciences. [Giddens 1993, 154] They stand in a subject–object relation to their field 
of study. The natural world is not a pre-interpreted world awash with symbolic 
meanings. The natural world consists of natural systems, biological and physical 
processes, devoid of symbolic dimensions. The natural scientist maps symbolic con-
structs (equations, models, theories) onto this world. For this reason it is a single 
hermeneutic. The equations, models, and theories are symbolic constructs but they 
are mapped onto a world without symbolic dimensions. [Figures 3.3a, b]
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If interpretative understanding is a ubiquitous phenomenon in social life and if 
this reflects on the work of the social scientist, how can the social sciences remain 
objective? The need for objective inquiries in the social sciences must be squared 
with the need for interpretative understanding. It must also be squared, as Weber 
would add, with explanatory understanding. In the following section we look, first, 
at Weber’s methodology of ideal types, and then address the question of the com-
patibility of Verstehen with objectivity.

∞ 4.3.2 Weber’s methodology of ideal types
An “ideal type” in our sense (…) has no connection at all with value-
judgements, and it has nothing to do with any type of perfection other than a 
purely logical one. There are ideal types of brothels as well as of religions (…). 
[Weber 1904, 98–9]

Figure 3.3 (a) The simple hermeneutic; (b) The double hermeneutic
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According to Weber, the aim of the social sciences is fourfold: (A) The study of 
social reality in its cultural context, and the explanation of social behavior with the 
help of hypothetical regularities. Weber seems to deny that there are strict laws in 
the social sciences, so any social regularities have only hypothetical character. (B) It 
is characteristic of social action that its regularities are meaningful. We can under-
stand social action when we understand its symbolic meaning. We may, however, 
misinterpret a social action, i.e., ascribe the wrong meaning or intention to it. The 
ascription of meaning by a social scientist, or even a lay social actor, must be subject 
to some empirical test. According to Weber, it is possible to understand some social 
action by ascribing a rationality motive to it. Weber distinguishes various rationality 
motives but held that purposive rationality enjoyed the highest measure of evi-
dence. [Weber 1913, 97; Mommsen 1974, 221] If the ascription assigns purposive 
rationality to the action, according to which the social agent seeks the best means 
to achieve some end, it should be possible to test this ascription of meaning. This 
is Weber’s combination of the empirical and hermeneutic strands of the social 
 sciences. The empirical strand serves to explain social action with the help of con-
firmed, hypothetical regularities. The hermeneutic strand serves to provide the 
meaning of these social regularities. [Weber 1904, 216; Habermas 1970, 83–91 
(1988, 10–6)] Later Habermas generalized this idea to the claim that all social 
actions are associated with validity claims (see below). (C) A further aim of the 
social sciences is to provide a historical explanation of the emergence of social 
systems. Weber’s famous rationalization thesis is an attempt to explain the rise of 
modern capitalism out of the adoption of a puritan lifestyle. [Weber 1904–5; 
Tawney 1922] (D) Finally, Weber holds that the social sciences are able to make 
limited predictions of the future effects of social actions. Sociologists predict a rise 
in juvenile crime rates; economists predict the effect of a drop in interest rates on 
the economy. They are not long-term predictions, and they come attached with a 
ceteris paribus clause.

Weber clearly sees Verstehen as a condition of social life. But even if symbolic 
dimensions run through social life like a spider’s web, Verstehen must also be an 
objective operation. It is not a method specific to the social sciences. Already the 
work of the natural scientist requires understanding of natural phenomena in terms 
of model-building. [Weinert 2004, Ch. 3] The social scientist is engaged in a 
double hermeneutic dimension in that s/he maps meaning onto preexisting sym-
bolic structures. The axis of the single/double hermeneutic gives us a way of inter-
preting Weber’s insistence on explanatory understanding. We should conceive of 
Verstehen as model-construction. We find its widespread use in both the natural 
and the social sciences. In the social sciences it takes the form of ideal types.

Weber regards ideal types as theoretical constructions; both in a logical and a 
practical sense they are model types. [Weber 1904, 97; see Chapter I, Section 6.5] 
Ideal types are not meant to be descriptions of social reality. They do not serve as 
schemes, under which a real situation or action can be subsumed as one instance. 
[Weber 1904, 92; Weinert 1996] Rather they serve as models, which allow the 
social scientist to abstract from irrelevant or particular details in order to con-
centrate on the essential features of a cultural or social phenomenon. They are 
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idealizations in the sense of focusing on the structure of a social phenomenon 
under investigation. The social scientist, according to Weber, is interested in what 
is typical of a certain social agent, situation, or system. The ideal type brings out 
the essential core of a social phenomenon like authority, capitalism, or feudalism. 
Ideal types allow a systematic characterization of what is common to many indivi-
dual cases in the social world. They highlight what is structurally important in 
social phenomena. Ideal types are characterized by logical consistency and concep-
tual precision. They are pure types. For instance,

“Charismatic authority” shall refer to a rule over men, whether predominantly external 
or predominantly internal, to which the governed submit because of their belief in the 
extraordinary quality of the specific person. [Weber 1915, 295–6; italics in original]

Weber suggests that the use of ideal types is mandatory for working out the cultural 
meanings of social interactions. [Weber 1904, 90–3] The operation called Verstehen 
is therefore best understood as an operation of model-building. The ideal type 
then becomes a certain type of model.

Weber tends to regard ideal types as mere heuristic devices. They are sharply 
defined but their purity comes with a price. It is immaterial whether the historical 
or social reality actually corresponds to the respective types. Ideal types are yard-
sticks, against which the historical or social reality can be assessed as a deviation. 
According to Weber, ideal types have four functions:

● They highlight the essential components of historical and social phenomena 
(“feudalism,” “imperialism,” “authority,” “rationality,” “secularization”).

● They serve as limiting concepts. Modern Western societies are “free markets” or 
have “democratic political structures” in the limit of ideal conditions. We can 
define the model of a democratic society, with its fundamental principles of free-
dom and equality. Concrete societies can be characterized as approximations to 
the limiting concept. Different societies approximate the limiting concept in dif-
ferent degrees but no society is identical with the ideal of a democratic society.

● They serve to reconstruct the “developmental sequences” of events in history. 
Weber devoted much of his work to the reconstruction of the growth of modern 
capitalism out of the Protestant ethic. Marx tried to reconstruct the develop-
ment of society from feudalism through capitalism to socialism. Comte saw the 
development of society from a theological to a metaphysical to a positive stage.

● They help to define the notions of adequate causation and objective possibility in 
the social sciences. Weber believed with the proponents of the empirical model 
that it was possible to construct causal accounts in the social sciences. Social 
scientists seek causal explanations of social events. As we shall see, the belief in 
causal accounts in the social sciences depends on the appropriateness of philo-
sophical models of causality. Was Hitler’s dictatorship the causal condition that 
plunged the world into World War II? As we shall argue, Weber’s notion of 
adequate causation encapsulates a philosophical model of causation in terms of 
necessary and sufficient conditions, which allow the historian to speak of the 
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causal conditions that propelled Germany toward war. In this sense, ideal types 
spell out objectively possible situations.

Weber was well aware of the changing nature of ideal types. Just as in the natural 
sciences, models in the social sciences must be adaptable to new evidence. Therefore 
ideal types cannot be mere impositions on social data on the part of the social sci-
entist. Just like models in the natural sciences, hypothetical models in the social 
sciences must be adaptable to the changing social world. Ideal types, like “class 
society,” may have been adequate in nineteenth-century industrial Britain, but the 
social world has changed to such an extent that such terms no longer serve to 
model British society adequately. [Dahrendorf 1959] By contrast, a new phenom-
enon like globalization requires the construction of a new ideal type, which is able 
to model that phenomenon. Societal conditions change and this must be reflected 
in the social scientist’s choice of model. Whereas sociologists in the past were able 
to characterize European societies in terms of a hierarchy of social classes, their 
modern counterparts prefer the description of their respective societies in terms of 
social stratification. This change in conceptualization reflects a change in social 
reality. It is in principle no different from the modifications of the Copernican or 
Darwinian models as more evidence came to hand.

Similar to the natural sciences, the social sciences use a number of different 
models. The supply and demand curve of the economist is a functional model, 
since it shows how one parameter (price) is functionally dependent on the interplay 
of two other parameters (supply and demand). Where the supply and demand 
curves meet, the intersection determines the price. [Fig. 3.4] Freud used both 
analogue reasoning and mechanical scale models of the mind. He argued, as we 
have seen, on the basis of an analogy with physics to the scientific validity of 
psychoanalysis. But Freud also employs the tripartite structure of the mind as a 
scale model. It is supposed to be a mechanical model, with dynamic connections 
between its three parts. As Freud often speaks of libido energy, which the psychic 
apparatus must channel and control, an appropriate metaphor for this apparatus is 
that of the steam engine. [See Rillaer 2005c, 430; Freud 1916b, Ch. XXII]

What kind of models are ideal types? Ideal types are models in the hypothetical 
sense. They are as-if models. They model the socioeconomic reality as if it consisted 
only of the parameters included in the model. Homo economicus, homo sociologicus, 
homo psychologicus – they all “reduce” human beings to a few parameters, deemed 
relevant for the descriptive and explanatory purposes of the economist, the sociolo-
gist, or the psychologist. They all abstract from irrelevant features of human beings, 
they idealize the relevant features to the level of significance, and systematize the 
relevant parameters to form a coherent account of aspects of human behavior. 
Understood as hypothetical models, the ideal types may express an algebraic struc-
ture but mostly are concerned with topologic structure, which approximate the 
structure of empirical reality.

Although we stressed the similarity of models in the social and the natural 
 sciences, the problem of closure in the social sciences imposes some limitation on 
this similarity. First, the distinction between essential and accidental features, 

9781405181846_4_003.indd   2329781405181846_4_003.indd   232 7/31/2008   9:53:36 AM7/31/2008   9:53:36 AM



 Sigmund Freud: The Loss of Transparency 233

between relevant and irrelevant conditions, is much more difficult to draw in the 
social  sciences. The laboratory physicist is often in a situation to define both the 
experimentally relevant and irrelevant conditions. For instance, at the beginning of 
the twentieth century Rutherford and his co-workers discovered the atomic 
nucleus. They did so by measuring the scattering of ionized helium atoms off gold 
atoms, embedded in a gold foil. They could assume that the presence of electrons 
within the gold atoms had no impact on the measured trajectory of the scattered 
helium atoms. This assumption was justified by energy considerations from classi-
cal physics. Weber stresses that the function of an ideal type is its “comparison with 
empirical reality in order to establish its divergences or similarities.” [Weber 1914, 
43] But Weber’s ideal types are not quantitative scientific concepts. There will 
often be no more than a qualitative consensus among, say, historians, as to which 
factors are likely to be relevant to concrete historical situations. As we shall see, this 
problem is particularly serious in causal considerations in the social sciences. 
Historical evidence will, however, often help the historians to delineate clusters of 
significant factors, with some overlap between them. We should therefore expect 
that there exist some empirical constraints on the admissibility of ideal-type models. 
Second, it is difficult to decide whether certain deviations of the model from empir-
ical reality are genuine or apparent deviations. When the wind blows a leaf through 
the autumn air, it is clear to physicist and layperson alike that the leaf’s trajectory 
is only an apparent deviation from Newton’s law of gravitation. The leaf’s trajec-
tory is compatible with the law of gravity. Deterministic physical laws do not allow 
genuine exceptions. While the social sciences deal with social regularities, it is far 
from clear whether they constitute genuine laws. As we shall argue below, such 
social regularities are mere trends. But trends are compatible with both apparent 
and genuine exceptions. When an exception to a trend occurs, it is difficult to say 
whether it constitutes a violation of the regularity pattern. Finally, the degrees of 
idealization and approximation that the model can achieve are a function of the 
extent to which relevant factors can be separated from irrelevant factors. In a phy-
sics laboratory, the parameters are largely under the control of the experimenter, 
including the presence of “noise.” But the social scientist does not enjoy this level 
of control over the parameters. This is the problem of closure. Even in laboratory-
type experiments involving human subjects it is not possible to define and control 
all the parameters that enter the experimental situation. Human subjects in such 
situations have a history and form part of a tradition whose effects on the present 
situation cannot easily be estimated. The models portray what Weber called “typi-
cal” cases. In the absence of quantitative information it is difficult to measure degrees 
of approximation and idealization. What, for instance, is a typical consumer? And 
how much does the real consumer deviate from the typical consumer?

Despite these imponderables of model construction in the social sciences it 
remains nevertheless the case, as Weber stresses, that there are objective ways of 
constructing ideal types and other models in the social sciences. Functional models 
depend purely on statistical data. Hypothetical models have been constructed by 
way of psychological experimentation, by dint of statistical evidence, and by com-
parison of historical and contemporary processes. [Sherif 1936; Milgram 1974; 
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Weber 1904–5] Weber regards model-construction as an objective procedure. 
Explanatory understanding in interpretative sociology is therefore comparable with 
methods in the natural sciences. Contrary to the findings of the empirical and 
hermeneutic models, we must conclude that the social sciences are characterized 
by a weak naturalism. [Little 1991, Ch. 11; Popper 1957, 121–3] It is a weak 
naturalism because (unlike the naturalistic model) it does not assume the existence 
of social laws and the applicability of the DN and IS models of explanation. There 
is a certain continuity between the social and the natural sciences, despite obvious 
dissimilarities. It lies in the use of certain ideal-typical constructions, which involve 
hypothetical regularities. They offer the social sciences the chance to provide 
explanatory understanding of social phenomena.

∞ 4.3.3 Verstehen and objectivity Weber constructed a logical relation between 
understanding and explanation. Verstehen served as a method for the construction 
of ideal types of social action, in particular purposive-rational action. Verstehen 
 provides a hypothetical construct, which must empirically be confirmed. The access 
to social facts must be achieved through interpretative sociology (verstehende 
 Sozio logie). [Habermas 1970, 164 (1988, 73–4)] Once the ideal type is empirically 
confirmed, it suggests a social regularity, which serves as an explanation of social 
actions. [Habermas 1970, 84 (1988, 11)] Thus Verstehen is no substitute for the 
explanation of social action. [Habermas 1970, 146 (1988, 59)]

If social life is pervaded by symbolic meaning, how can the social sciences hope 
to make objective statements about the social world? Interpretative sociology 
answers that the social scientist must make rationality assumptions. These are 
expressed in hypothetical constructions, like Weber’s categories of social actions. 
They are supposed to capture the motives and intentions of a “typical” social agent. 
In an extension of Weber’s approach, Habermas relates different types of social 
action to different aspects of the world. He distinguishes an objective, a social, and 
a subjective world. Different types of social action presuppose different types of 
relations to the respective worlds. And the way the social actor relates to different 
aspects of the world determines both different aspects of rationality and the ration-
ality of the interpretation of these actions by a social investigator. [Habermas 1981 
(1984), Ch. I.4; cf. Weinert 1999]

For instance, teleological/strategic action involves a relation between an actor 
and an objective world of facts. Two types of rational relations to this world are 
possible: (a) the actor can make assertions about this world, which are true or false, 
and these can be rationally judged according to their truth; (b) the actor can also 
intervene in the objective world to achieve specific aims, and his/her intervention 
can fail or succeed. It can be judged according to its effectiveness. The rationality 
involved in these types of action is reminiscent of Weber’s objective-purposive and 
purposive-rational action, respectively. But one of Habermas’s criticisms of Weber 
is that the latter has narrowed types of rationality to purposive or means–end 
rationality. According to Habermas, Weber’s typology of social action suppresses 
some of the rationality aspects which were part of the Enlightenment project. Thus 
Habermas further distinguishes norm-regulated, dramaturgic, and communicative 
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actions and relates them to normative rightness, subjective truthfulness, and 
rational consensus as their standard of validity, respectively.

How can this role of the social scientist as a virtual participant answer to the 
requirement of objectivity in their understanding of social interaction? [Habermas 
1981, 168 (1984, 114)] Habermas postulates a connection between the funda-
mental types of social action and the methodology of understanding of social 
actions. He proposes that the problem of rationality poses itself with the interpreta-
tive access to the different kinds of worlds. [Habermas 1981, 152, 157 (1984, 
102, 106)] The rationality aspects of the fundamental types of social action – 
the references of teleologic/strategic, norm-regulated, dramaturgic, and commu-
nicative action to the objective, social, and subjective worlds, respectively – are 
principally open to an objective judgment by both the social actor and the social 
observer. In order to understand a social action or its equivalent linguistic form the 
interpreter must understand the condition of its validity. He must understand 
under which conditions the validity claim which is connected with the action – 
propositional truth, normative rightness, subjective truthfulness, and intersubjec-
tive consensus – is acceptable. That is, the interpreter must understand the reasons 
with which social actors would defend the validity of an action if challenged to do 
so. [Habermas 1981, 169 (1984, 115)] He must interpret social action rationally 
with respect to the validity claims which are associated with it. For instance, the 
effectiveness of strategic action can be measured against the aim which was being 
pursued. To highlight the objectivity of understanding even further, Habermas 
claims that the types of rationality (effectiveness, truth and rightness, etc.) have 
universal dimensions. [Habermas 1981, 188, 193, 197–8 (1984, 130, 134, 137–8)] 
He makes a distinction between the universality of the context-independent vali-
dity claims and the concrete, context-dependent linguistic means by which the 
validity claims are made. [Habermas 1988, 179, 182 (1992, 139, 142)] Social 
actors make or imply claims to validity in concrete situations, and in concrete 
speech acts; equally they are accepted or rejected in concrete situations. But in 
whichever context and by whatever means they are expressed, these validity claims 
themselves transcend these concrete situations. This is most evident in truth claims: 
by whatever linguistic means a fact “p” is expressed, it is either true or false “that 
‘p’ ” and this fact transcends particular speech situations. In this manner Habermas 
opposes all forms of relativism, as enshrined in postmodern thinking. He reempha-
sizes the distinction between context of discovery and context of justification. The 
validity claims belong to the context of justification. As we shall see, Habermas uses 
the “universality of reason in the diversity of its voices” as an argument against 
relativism.

We started this chapter with a discussion of the emergence of two models in the 
social sciences and their core elements. This discussion naturally followed from a 
consideration of the balancing act between explanation and understanding in 
Freud’s method. A consideration of the notion of Verstehen led from its early 
embodiment as empathy to its latest incarnation as an inevitable condition of social 
life. Once the ubiquity of the symbolic dimension of social life is apparent, the 
question of objectivity of social science knowledge imposes itself. Habermas’s 
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answer in terms of validity claims is very much indebted to the Enlightenment view 
of human nature. It commits social scientists to an investigation of the rationality 
aspects of human actions, when they are often concerned with the consequences of 
irrational human behavior.

An interpretive sociology should be able to deal with problems of what Dilthey 
called the objectifications of social life: the functioning and malfunctioning of insti-
tutional organizations, power relationships, and the struggle of various social 
groups against the “authorities.” [Giddens 1993, Chs. IV, V] Perhaps Habermas 
sees the rationality types and the validity claims, inherent in types of social action, 
as ideal types (Weber) or a zero method (Popper), against which deviations can be 
gauged. Such “measurements” will often be of a qualitative rather than a quantita-
tive kind, because of the pervasiveness of symbolic constructs in human life. The 
presence of other minds or human agency really is central to the social sciences, for 
it not only affects the interpretative approach of the social sciences to social life but 
also the construction of ideal types and their objectivity. It also extends its tenta-
cles, as we shall now discuss, to a number of other methodological questions, 
which arise from the specific problem situation of the social sciences. In the social 
sciences the concern about whether statements are true of a model world rather 
than the modeled world are really more pertinent than in the natural sciences.

∞ 4.4 Causation in the social sciences

As we observed earlier, the empirical or naturalistic model emphasizes that the 
causal analysis of social events is not only desirable but essential for the social sci-
ences. We have discussed some examples of causal accounts, on the assumption of 
both individualism and holism. The question is: How are we to think of causation 
in the social sciences from a philosophical point of view? If we entertain a mecha-
nistic view of causation, according to which only physical pulls and pushes and 
their traceable effects constitute proper causation, our assessment of causal accounts 
in the social sciences will turn out to be rather gloomy. We should not harbor 
philosophical ideas of causation which produce the wrong results when applied to 
social science research. It seems that social scientists have no qualms about con-
necting, say, two events in history or society, such that the prior antecedent event 
qualifies as a cause of the later consequent event, which qualifies as the effect. 
Weber made a significant contribution to this topic with his notion of adequate 
causation as a model of causation in the social sciences.

∞ 4.4.1 Weber on causation As Weber has shown, the theoretical  reconstructions 
or ideal types in the social sciences can cover such diverse phenomena as types of 
authority, sequences of historical events, and causal chains of events. With his belief 
that the social sciences can arrange certain events in terms of explanatory sequences, 
Weber moves away from a pure interpretative model of the social sciences. But 
explanation is often associated with the availability of regularities. The question 
then arises as to the nature of such regularities in the social sciences, the existence 
of social laws, and the availability of causal accounts. Once we have  clarified these 
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questions, it will be easier to discuss the nature of explanation and prediction in the 
social sciences. This aspect raises further questions regarding  realism and relativism, 
as well as reductionism and functionalism.

Weber proposes a notion of adequate causation, which he considers to be an 
appropriate view of causation in the social sciences. For Weber this notion is based 
on his ideal-type methodology. As we have seen, ideal types can be understood as 
hypothetical (or as-if ) models in the social sciences. [Weber 1905; Weinert 1996] 
The use of ideal types emphasizes the need on the part of the social scientist to use 
abstractions and idealizations in the causal reconstruction of a social event. While 
these operations make models refer to the structure of a model world, the model 
also offers the advantage of relating several parameters in a manageable way. A causal 
model seeks to relate some occurrence in the social world, which is regarded as an 
effect, to prior causal conditions. Looking at Weber’s own work, his attempt to 
explain the emergence of capitalism in the West as a result of the adoption of puri-
tan lifestyles is a striking example of causal analysis in the social world. But social 
scientists also seek to explain, say, the origin of the slave trade, the outbreak of 
World War II, juvenile delinquency, and differential educational performances. The 
aim in each case is to isolate as far as possible the actual determinant factors which 
are likely to have caused some event in history or the social world. Social systems, 
however, are open-ended. The social scientist is faced with a cluster of potentially 
determining factors, which could be possible causal conditions. Out of the com-
plex of potential determining factors, the social scientist must distill a complex of 
causal relations, which “should culminate in a synthesis of the ‘real’ causal com-
plex.” [Weber 1905, 173] Weber speaks of “adequate causation” when the social 
science model meets several conditions: (a) the social scientist has isolated a number 
of conditions which are regarded as statistically relevant to the effect in question; 
(b) the reconstruction of the social or historical event, on the part of the social 
scientist, probably isolates the “likely cause of an actual historical event or events of 
that type.” The ideal-type model of the causal sequence of social events therefore 
depicts an objective possibility. That is, it is objectively possible, even likely, that 
the isolated conditions are causally responsible for the occurrence of the event. The 
model of the social scientist, which has some claim to probability, provides the 
most adequate causal conditions which are likely to have brought about the social 
event in question. How can a social scientist be relatively certain that a proposed 
causal model of, say, the outbreak of World War II captures the most adequate 
conditions which are most likely to have brought about this event? Weber insists 
that “it is possible to determine, even in the field of history, with a certain degree 
of certainty which conditions are more likely to bring about an effect than others.” 
[Weber 1905, 183] The way to achieve this aim is to submit the ideal-type model 
of some causal sequence to factual knowledge of a historical or social event. Thus 
Weber tests the model against reality. In this manner Weber hopes to throw light 
on the “historical significance” of the actual determinant factors in the emergence 
of some historical event. It is well known that historians and sociologists disagree 
about the relevant factors which can be held responsible for some event in history 
or society. Certain factors will be so improbable that they can be omitted from the 
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causal account. It is implausible, for instance, that the eruption of a volcano will 
have had an effect on the outbreak of World War II. On the other hand, new 
empirical data regarding the outbreak of World War II may well credit some factors 
as the relevant ones and discredit others as irrelevant.

In Chapter II, Section 6.7.3, we discussed causation in terms of a cluster of nec-
essary and sufficient conditions. It is to be expected from the nature of the social 
sciences and the concern for actual obtaining factors that causal analysis in the 
social sciences will mostly be concerned with sufficient conditions. These are the 
actual conditions which occurred prior to an event and from which the causal 
account must be reconstructed. But Weber felt that his ideal types could also spell 
out necessary conditions for social phenomena like feudalism and authority. For 
instance, in the absence of a belief in the “extraordinary qualities” of a leader, 
Weber would not have spoken of “charismatic authority.”

Although social actions can be explained causally in terms of necessary and suffi-
cient conditions, there are disanalogies between causal explanations in the natural 
and the social sciences.

1. In the social sciences we deal with reasons rather than mechanical causes. 
Reasons act as causes but we can state neither strictly deterministic nor even 
probabilistic laws which connect reasons and actions. [Davidson 1974; but see 
Fay 1994 for an alternative assessment] Any regularities in the social sciences 
take the form of trends rather than law-like regularities. (As we argue below, 
trends are inductively generated empirical regularities, which permit both 
exceptions and reversals.)

2. We cannot state a closed set of jointly necessary and sufficient conditions for 
acting on a reason. Social scientists will agree on a number of “sufficient” con-
ditions which reasonably explain the occurrence of a social event. There will be 
disagreement about a “full” list of such sufficient conditions. But it would be 
impossible to demonstrate that all agreed conditions were jointly necessary and 
sufficient for the event. The problem of closure prevents a quantitative evalua-
tion of the parameters that enter a causal situation.

3. Let us assume that social scientists have agreed on a cluster of conditions which 
they consider to be the most likely candidates for a causal explanation of some 
social event. Such likelihoods are still different from probabilistic occurrences 
in the natural world. An ensemble of radium atoms has a 50 percent  probabi lity 
of decay in 1,600 years. It is not possible to predict which particular atoms will 
decay in which particular time span. But it is possible to say, in accordance with 
the so-called decay law, that half of the collection of atoms will decay in 1,600 
years. But in the social world there exist no such laws which would allow us to 
say that, given certain antecedent conditions, the subsequent event, E, will 
occur with a given probability p. All we can say is that a certain cluster of 
 conditions makes the social event quantitatively more likely.

We can summarize our discussion by saying that social scientists attempt to isolate 
a cluster of necessary and sufficient conditions which they regard as adequate to 
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explain the occurrence of a certain event in history or society as the effect which 
followed from the antecedent conditions. It is a model that depicts an objective 
possibility. The choice of antecedent conditions will be influenced by the interest 
of the social scientist. But Weber was adamant that this choice did not render causal 
accounts in the social sciences subjective. Weber grants that it is not possible to 
establish numerical relationships between the selected relevant causal conditions, 
X, and the probability of the effect, Y. Nor is it possible to assess quantitatively the 
influence of background conditions, U, in the causal field on the effect, Y. 
Nevertheless,

we can (…) estimate the degree to which a certain effect is “favored” by certain 
“conditions” – although we cannot do it in a way which will be perfectly unambi-
guous or even in accordance with the procedures of the calculus of probability. 
[Weber 1905, 183]

In our estimation of the degree of likelihood of certain causal conditions to be objec-
tively responsible for the effect, we are guided by our empirical knowledge of the 
facts of a particular historical or social situation. We gain further assistance from

knowledge of certain known empirical rules, particularly those relating to the ways in 
which human beings are prone to react under given situations. [Weber 1905, 174]

Weber is obviously referring to the ability of the social scientist to understand 
human behavior through recourse to the operation of Verstehen. It enables the 
social scientist to understand intentions, motivating individual behavior, and norms 
and values, motivating collective behavior. Humans, then, possess knowledge of 
general empirical rules which allow them to navigate their way through social life. 
We have, as Dilthey already stressed, inductive expectations about the relative con-
stancy of the social world around us. What structure do we expect these empirical 
generalizations to have? Are they similar to lawful regularities in the natural sci-
ences? Or are they more like rules and social conventions by which social actors 
abide? By speaking of general empirical rules [Weber 1905, 174, 187], Weber 
seems to lean toward the view that the social scientist deals with empirical genera-
lities rather than abstract “uniformities.” [Weber 1905, 168] The question we 
need to address is whether there are social laws.

∞ 4.4.2 On the existence of social laws There is a long tradition in social thought 
which is committed to the view that the social world is as much subject to lawful 
regularities as the planets in the solar system. Freud, as we have seen, considered that 
in the “expression of the psyche” there existed “nothing trifling, nothing arbitrary 
and lawless.” The psyche was subject to deterministic psychological laws, which 
Freud was eager to discover. Freud only stood in a long line of thinkers, starting 
with the Enlightenment, who considered that the social and individual world was 
subject to various laws of nature. Marx and Comte believed in a law-like sequence 
of historical events; so did Adam Smith. It is therefore not an idle question to 
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 contemplate whether the empirical regularities that exist in the social world may be 
regarded as laws of nature. Many other philosophical questions, which emerge in 
the social sciences, turn on the question of whether there are lawful regularities in 
the social world. It impacts on questions of causality, on method, on predictions 
and explanation.

We have already considered philosophical views on laws of nature in a previous 
chapter. In particular we distinguished between laws of nature and laws of science. 
The former are the lawful regularities in the natural world, irrespective of our 
knowledge about them. The latter are the symbolic representations of the laws of 
nature as we encounter them in the textbooks of science. We defended the thesis 
that laws of nature constitute structural constraints on the behavior of natural 
systems. This view was called the structural view of laws. According to this view, 
laws of nature encode structural features of natural systems. [Weinert 1993; 1995] 
The laws of science express mathematical relations between the relata of the systems. 
We also argued that various types of models serve to represent the (algebraic and 
topologic) structure of natural systems. The job of models was to abstract, idealize, 
and systematize the parameters of the systems. Laws of science can then be regarded 
as ceteris paribus statements. They hold under certain idealizing conditions or for 
simplified models. They may lose their validity for very complex systems with 
conditions that are not represented in the model. Could this characterization be 
applied to social regularities? The general idea is that social laws must be regarded 
as ceteris paribus statements. [Kincaid 1994; McIntyre 1994; see Weinert 1997] 
In an economics textbook we may find such claims:

Economic science, like the natural sciences and the other social sciences, attempts to 
find a body of laws of nature. [Parkin/King 1992, 23]

The view is that the social sciences are capable of formulating general statements 
which are genuine candidates for lawful regularities of the social world. These 
statements are more than just empirical generalizations or statistical trends. They 
express law-like generalizations in the social world, albeit of an idealized form.

Social laws may be ceteris paribus statements; however, this would not guarantee 
that they are genuine laws. Two considerations count against the view that general 
statements in the social sciences should be accepted as genuine lawful statements. 
(1) Social “laws” may simply be empirical generalizations, descriptive of a large 
number of cases. They may simply be inductively generated from initial condi-
tions.7 [Popper 1957, §§27, 29; Weinert 1997; cf. Woodward 2003, Ch. 4] If this 
case can be established, we will be looking at social trends rather than at genuine laws. 

7 Law statements are universal statements, which state mathematical relationships between variables. 
Initial conditions provide specific values to these variables. They permit a universal law statement to be 
applied to a particular situation. Kepler’s third law – A3 µ P 2 – states a mathematical relationship between 
the orbital period, P, of a planet and its average distance from the sun, A. Initial conditions supply the 
specific values of the variables, which appear in the universal law statement. If, say, the planet has an or-
bital period of 8 years, its average distance from the sun is 4 times the Earth–sun distance.
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It is characteristic of trends that they are inductive generalizations over a number 
of observed cases. If they depend on initial conditions, they should not be regarded 
as genuine laws. There are several indicators that social generalizations bear the 
hallmarks of trends. One sign is that the interference with initial conditions will 
change the very nature of the regularities. If this is the case then this constitutes a 
stark contrast with physical laws. As initial conditions vary from country to coun-
try, from culture to culture, social regularities change with them. Genuine laws, 
like Kepler’s laws, do not depend on initial conditions; the latter simply instanti-
ate them. Popper [1957, 128] has taken the dependence of social regularities on 
initial conditions to defend the thesis that such regularities are trends rather than 
genuine laws. From this dependence a further difference between genuine laws 
and social trends follows: trends can be changed, even reversed, while genuine 
laws can be neither changed nor reversed. Knowledge of social conditions can be 
employed in the service of changing a social trend. If, for instance, a dramatic rise 
in the crime rate is expected as a result of an increased number of young people, 
social engineering can be employed to break this link. Educational and employ-
ment opportunities for young people may have an effect on the behavior of 
potential young offenders. What is even more surprising is that knowledge of 
social trends can be used to reverse this very trend. If social scientists establish a 
correlation between excessive alcohol consumption and increased road fatalities, 
political decision makers can then use this very correlation to interfere with this 
trend and reverse it. But no human intervention can physically alter a law of 
nature. While laws of nature are structural constraints on the behavior of physical 
systems, social trends act as practical constraints, in most situations. But social 
regularities are as much affected by the symbolic and social dimensions of human 
life as other social relations. In particular, social regularities are subject to 
the double hermeneutic. Consequently, any such regularities fail to qualify as 
genuine laws.

(2) It is generally accepted that generalities in the social world are “riddled with 
exceptions.” As trends, social regularities are compatible with exceptions in a way 
that genuine laws are not. Genuine laws permit only apparent exceptions, which 
can be accounted for in terms of some other regularity. (A feather does not fall to 
the ground with the same speed as a stone because it is subject to air resistance). 
Exceptions to genuine laws must remain compatible with the laws. But trends 
permit genuine exceptions which cannot be accounted for in terms of other gener-
alities. Freud maintained the existence of psychodynamic laws between a person’s 
behavior and their mental states. He accepted, however, that “it is hardly possible 
to give a description which has general validity.” [Freud 1931, 233]

Thus there are genuine differences between the social and the natural sciences. 
According to John Searle:

when we engage in voluntary human actions we typically engage on the basis of rea-
sons and these reasons function causally in explaining our behaviour, but the logical 
form of the explanation of human behavior in terms of reasons is radically different 
from standard forms of causation. [Searle 2004, 212]
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Nevertheless, there are also sufficient similarities between the natural and the social 
sciences to defend a position of “weak naturalism,” as explained in the next section. 
Despite the lack of genuine social laws the social sciences have the ability to explain 
and predict social events.

4.4.3 Explanation and prediction in the social sciences As we noted in Chapter II, 
Section 6.6, it is possible to explain events without being able to predict them. 
Equally, it is possible to predict events without being able to explain them. The 
nonexistence of genuine laws in the social sciences will have an impact on their 
ability to explain and predict social events. If there were no empirical regularities at 
all, explanation and prediction would be well-nigh impossible. But there are social 
trends and patterns with fairly good reliability. On the basis of such social gener-
alities, the social sciences can both explain and predict.

As ideal types are models in the social sciences, various types of explanation are 
open to social scientists. The use of functional models puts the emphasis on func-
tional explanations. The most straightforward type of functional explanation is to 
be found in economics. The fixing of prices through the intersection of the supply 
and demand curves constitutes the clearest example. [Figure 3.4] There are also 
functional models of the social stratification of society, according to which social 
stratification fulfills a positive function for the maintenance of society. The social 
sciences also make use of hypothetical (or as-if ) model explanations. For instance, 
Weber proposed to analyze authority in terms of the ideal-typical divisions into 
charismatic, traditional, and rational authority. Rational authority is based on rules 
and regulations and institutional structures. In these models authority is treated as 
if it consisted only of elements, which the model ascribes to this type. The social 
sciences are also capable of using structural explanations, which are based on struc-
tural models. What is the structure of a free-market society, of capitalism? In such 
questions it is more the topologic than the algebraic structure which is of interest. 
As a structure consists of relata and relations, a structural explanation of capitalism 
will explain how economic agents relate to each other in capitalistic societies. If we 
accept Weber’s notion of adequate causation, the social sciences can lay claim to 
causal explanations of social events. This is made possible through the existence 
of reliable trends and rationality patterns in the social world. Despite the logical 

Figure 3.4 Supply and demand curve
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 distinction between explanation and prediction, there is of course some link 
between them. The availability of explanations facilitates predictions. If the social 
world and its actors display patterns of regularities, then the social sciences can 
construct what the sociologist Robert Merton called “theories of the middle 
range.” [Merton 1968, Pt. I, Ch. II]

Such theories give rise to inferences, e.g., what may be called “middle-range 
predictions,” derived from the patterns of regularity in social life. Economists, for 
instance, predict economic cycles, market trends, with a certain amount of short-
term reliability. In this sense the predictive ability of the social sciences can be 
compared with evolutionary biology. The predictions are not quantitatively pre-
cise, as, say, in astronomy, but they give rise to predictions of patterns of varying 
degrees of reliability.

But the social sciences have to deal with a specific problem, which Popper 
called the problem of unplanned planning. [Popper 1957, Ch. 21] Popper used 
the argument from unplanned planning as an objection against the possibility of 
planning the future direction of a whole society. In the course of pushing society 
into a certain political direction, say toward a communist society, problems that 
were not anticipated in the original plan will occur. These unforeseen problems 
oblige the political authorities to modify their original plan to take into consid-
eration the unforeseen disturbances. Of course the new, modified plan will also 
run into problems of unplanned planning, which, as Popper argued, makes the 
idea of the long-term planning of the development of a whole society unfeasible. 
By implication, long-term predictions are impossible for the same reason: the 
ever-present repercussion of human agency. Consider specifically problems like 
self-fulfilling and self-negating prophecies and decision-making in the absence of 
stable equilibria. A self-fulfilling prophecy occurs when a prediction causes people 
to behave in a manner that makes the prediction come true. (A rumor that bread 
prices will rise causes people to buy more bread as a result of which the bread 
price rises.) A self-negating prophecy occurs when a prediction causes people to 
behave in a manner that makes the prediction come out false. (Most people hope 
that scientific warnings about the effects of global warming will cause people to 
react in such a way that the catastrophe can be averted.) [Merton 1968, Ch. XIII] 
Decision making in the absence of stable equilibria can also have an effect on the 
prediction of behavior. For instance, a lack of clear optimal choices about the best 
strategy to achieve an aim will render the prediction of human behavior difficult. 
Rational choices can also be obscured, as Freud pointed out, by the presence of 
irrational motives in human behavior. [Elster 1989, Ch. IV] These problems 
occur because of the uncertainty involved in human agency; they occur because 
predictions in the social sciences are based on trends, not genuine laws; they 
occur because of the complicated interaction between observers and observed in 
the social sciences.

4.4.4 Underdetermination We have discussed the problem of underdetermina-
tion in a previous chapter. We also proposed certain solutions to this problem in 
terms of the availability of constraints. Weber, as we have seen, was very aware of 
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the need to fit his ideal-typical constructions to the available data. But the problem 
of underdetermination is multiplied in the social sciences owing to a number of 
factors. First, there is the problem of the double hermeneutic. The social scientist 
maps models onto a preexisting world, which is pregnant with symbolic meaning. 
Furthermore, social science regularities are dependent on initial conditions and 
therefore mere trends. These trends are compatible with unaccountable excep-
tions. And as our consideration of Weber’s notion of adequate causation has shown, 
the social scientist must impose the most likely causal explanation on the available 
data without being able to deal with closed systems. These problems mean that the 
social sciences suffer from a greater degree of underdetermination than, say, astro-
nomy or evolutionary biology. There are fewer constraints to eliminate unfit models. 
There are no genuine laws in the social world and few fundamental theoretical 
principles on which social scientists will agree. The constraints on the models arise 
mostly from empirical evidence. Nevertheless, the progress of the social sciences 
will have to be assessed differentially. There are many social sciences, ranging from 
anthropology to sociology and economics. In psychology many divergent models 
compete with each other without any sign of convergence. It appears that on the 
150th anniversary of Freud’s birthday (May 6, 2006), Freudian ideas are making a 
comeback. [See Scientific American 2006] But they still are far from commanding 
unanimity of expert opinion. There is thus little cognitive progress regarding the 
scientific status of psychoanalysis in terms of a differential weighting of the evi-
dence. Arguably, however, the study of social phenomena can experience progress 
owing to increasing volumes of evidence, against which the ideal-typical models of 
social reality can be measured. The accumulation of evidence will therefore go 
some way toward alleviating an extreme form of underdetermination of social sci-
ence models. As in other areas of science, increasing evidence has a tendency to 
distribute credibility differentially over the competing models. The subject matter 
of the social sciences, as we have seen, may well prevent them from ever achieving 
the situation in physics, where generally a convergence of the evidence toward one 
probable model takes place. In physics the empirical evidence is complemented 
by powerful theoretical principles, like the second law of thermodynamics or the 
principles of relativity. This convergence can be seen at work in the story of Coper-
nicanism and Darwinism. But this is not to say that the social sciences have to 
forego all objectivity of their models. The situation is more complicated through 
the nature of the social world. But ideal-typical constructions are as much subject 
to testability as models in the natural sciences.

The problem of underdetermination has its impact on the issue of realism vs. 
relativism, owing to the factors that give rise to it. Dilthey never fully escaped the 
underlying relativism of his position, despite his insistence on the objectifications 
of social systems. Although the social sciences are more susceptible to the problem 
of relativism, it is possible to defend a position of realism in the social sciences.

4.4.5 Realism and relativism The problem of relativism in the social sciences 
essentially arises through the fact that social actors share symbolic meaning. 
It arises from the double hermeneutic. This makes the social scientist a participant 
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observer, an observer engaged in a double hermeneutic. Although the later Dilthey 
emphasized the objectifications of social life, he still saw them as culture-specific 
entities. Every society, he argued, had its own “focal point.” Consequently, mean-
ing in social life varies from society to society, from culture to culture, from epoch 
to epoch. The question arises whether these symbolic meanings are translatable, 
transferable, and comparable to other social contexts. All forms of relativism relate 
the beliefs held by people to some nonuniversal framework or background against 
which these beliefs are held to be valid.

Judgments of validity of these beliefs must be made against the local background 
beliefs or framework. This framework may be some historical epoch (Antiquity, the 
Middle Ages) or some form of culture (primitive society, industrial society). There 
are many forms of relativism (conceptual, ethical, perceptual). Conceptual relati-
vism is relevant in the present context: conceptual schemes organize the natural or 
social world according to their own criteria; the correctness of these criteria cannot 
be judged from outside the conceptual scheme. In contemporary eyes, Darwin 
held rather racist views about the hierarchy of ethnic groups. Freud propagated 
Victorian views about women. In the view of the relativist, it would be anachroni-
stic to brand these views as “false,” since they were inspired by the presuppositions 
people accepted in their own time. Thus, slavery and the slave trade were accepted 
as “natural” by most people from Antiquity to the Enlightenment. Equally, what 
counts as “real” in one culture may not count as “real” in another culture, but 
there can be no cross-cultural judgments about what is “real.” If for Aristotle the 
heavenly spheres were “real” then we should accept his judgment. This may be a 
poor example in defense of relativism, since among the Greeks there was no agree-
ment on the “reality” of the spheres. And this belief was heavily criticized by the 
Arab philosophers. Nevertheless, Peter Winch [1964] offers the following relati-
vist defense of “reality” and “rationality”: what counts as “real” and “rational” is 
context- and culture-dependent.

The relativist position on rationality is that other cultures’ beliefs are rational in 
their own terms because these views are based on context-specific principles. 
Contrast this view with a realist view of the rationality of beliefs: They are

● subject to the rules of logic (systems of statements must be noncontradictory, 
consistent, coherent, valid);

● subject to empirical testability and confirmation;
● subject to a distinction to be made between a mind-independent external (natu-

ral or social) world and our fallible knowledge of this world; and
● social structures possess a relative independence from the belief states of indivi-

duals, as Durkheim stressed, because they have the status of “objectifications.”

The realist and the relativist clash in their assessment of true and false beliefs, of 
rational and irrational beliefs. For the realist there is an important distinction 
between true and rational beliefs, on the one hand, and false and irrational beliefs 
on the other, irrespective of local contexts. Both require different explanations. 
Rational beliefs can be regarded as valid, because they can be justified by reasons. 
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Irrational beliefs may be credible to those who entertain them, but their beliefs 
require psychological or social explanations. Freud certainly believed that slips of 
the tongue, dreams, and neurotic behavior could be explained by an appeal to 
unconscious motivation. For Freud the beliefs of his patients were credible on the 
background of their psychological dispositions. But a morbid fear of open spaces 
or prowling wolves is not a justifying reason for these fears.

The realist therefore makes a sharp distinction between the context of discovery 
and the context of justification. The context of discovery comprises the rational or 
irrational ways in which ideas may emerge in our minds. All kinds of irrational 
motives may be at work, which produce someone’s ideas. These motives cannot be 
reiterated. Archimedes stepped out of his bath and shouted “Eureka.” This was his 
context of discovery. But his bath cannot be the justification for his discovery that 
the specific mass of a substance equals its displaced volume. The justification 
requires a context of rational deliberation, which is in principle open to everyone. 
This is the context of justification. As we have seen, this partly explains the diffi-
culties of the Freudian model of the mind. For the relativist there is no sharp 
distinction between the context of discovery and the context of justification. The 
distinction between credible and valid beliefs must be made against local back-
ground assumptions. What is regarded and accepted as reasons is determined by 
what is accepted in local contexts. For instance, the insistence on intersubjective 
testability, which is so characteristic of modern science, then becomes a specific 
value in modern science. Also, what counts as evidence is itself based on local 
assumptions. Consider, for instance, the trust in sense experience across the ages. 
For the ancient Greeks, in their majority, the evidence of the eye was a trustworthy 
source in favor of a motionless Earth. For the natural theologians, prior to Darwin, 
the senses revealed the contrived complexity of the natural world. The context 
of discovery – the use of naked-eye observations – overlaps with the context of 
justification – the naked-eye observations apparently bear testimony to the sta-
tionary Earth and divine purpose.

The realist may not convince a determined relativist. Yet there are a number of 
arguments in favor of realism. One general remark may be apposite. The evolution 
of knowledge is a dynamic process. Even within a particular culture or society there 
often are dissenting voices. The Greeks did not monolithically believe in the geo-
centric worldview. Nor was there a general anti-evolutionist consensus among 
nineteenth-century Europeans. There are always competing models of explana-
tion, which lead to divergent views of the universe.

One point against relativism is the bridgehead argument. All cultures have a 
common core of true beliefs and rationally justified patterns of inference. In a 
recent study, Harvard psychologists compared the geometric abilities of Americans 
with those of primitive tribesmen. They found that the geometric judgments of 
the two groups did not differ significantly. Elementary inferences about natural 
phenomena – leaden clouds herald rain – are also largely made independently of 
cultural contexts. There exist independent facts about the world, whatever people’s 
judgment is about them. These independent facts will certainly result in a conver-
gence of judgments from people across the world. Social facts seem to lack the 
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autonomy from human volition that natural facts seem to enjoy. However, the 
objectification of social institutions means that they possess a relative independence 
from the daily commerce of social agents. Most social institutions outlive their 
current incumbents. Most social institutions possess a relative independence from 
the individuals that sustain them at any one time. [Sayer 2000, 33–5]

The argument from evolution appeals to the common ancestry of all humans. 
A similar response to environmental pressures provides the underlying substance 
which ensures commensurability between cultures. An analogy resides in the 
descent of modern languages from ancient languages. We find in Darwin, Huxley, 
and Tyler a defense of the idea that the human brain has evolved in response to 
similar environmental conditions. And larger brain capacities lead to higher mental 
functions, like the development of symbolic languages. As we shall see later, evolu-
tionary psychology argues that the common descent of humankind has led to uni-
versal, modular structures in the brain. Humans have evolved problem-solving 
capacities in response to a common environment.

Finally there is the argument from validity claims. Realists point out that there 
exists a fundamental distinction between the social acceptability and the rational 
validity of ideas. [Habermas 1988 (1992), Ch. III.7] Consider some of the funda-
mental ideas we have discussed. Geocentrism was held to be true for two thousand 
years; the Great Chain of Being can boast of a similar pedigree. Yet it is a funda-
mental fallacy (the appeal to a majority) to think that some actions or ideas must 
be true because a majority of people support them. Their social acceptability does 
not demonstrate their rational validity. Otherwise it would be hard to understand 
how discoveries contrary to expectation could ever occur. The mind-independence 
of the world is precisely shown by the fallibility of our knowledge. [Sayer 2000, 
Ch. I; Bhaskar 1978, Ch. I] The realist draws a fundamental distinction between 
facts and concepts, between the external world and our fallible knowledge of it. 
Without this fundamental distinction it would be hard to explain the conceptual 
improvements which we have seen in the stories of Copernicanism and Darwinism. 
The realist concedes that our conceptual schemes guide our views of the world. 
Conceptual schemes often carry fundamental presuppositions, which may remain 
unquestioned for extended periods of time. Nevertheless, our conceptual schemes 
do not determine our ways of seeing the world. The pre-Copernican and pre-
Darwinian schemes eventually faced large-scale discrepancies between the facts and 
the concepts. Habermas coins the phrase situational reason to label this guidance 
without determination. [Habermas 1988, 179 (1992, 139)] Reason is context-
dependent in its reliance on language and concept formation. The growth of sci-
entific knowledge shows that new evidence often requires new concepts. [Weinert 
2004, Ch. I] But in establishing its validity claims reason must be regarded as 
context-independent. The unity of reason resides in the diversity of its voices. Some 
claims are cognitively more adequate than others in the face of the evidence. This 
is strikingly illustrated in the story of Copernicanism and Darwinism. Even inter-
pretative social science, as Weber never tired of repeating, is capable of objective 
statements. Ideal types are required to “fit” the empirical data. As Habermas points 
out, the cognitive adequacy of conceptual schemes is also mirrored in the practical 
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way of life. [Habermas 1981 (1984), Vol. I, Ch. I.2] A conceptual scheme has 
to prove its mettle by dealing with the discrepancies and contradictions it may 
encounter on the practical level.

If the cognitive adequacy of conceptual schemes has a palpable effect on the way 
we live our lives, this should be an argument for realism in the social sciences. The 
knowledge produced by social science theories can be used to interfere in social 
life; for instance, it may help to reverse unpalatable social trends. It therefore mat-
ters whether they are interpreted in a realist or instrumentalist sense. As Freud’s 
psychoanalytic theory fails the strictures of a realist view of the mental, we argued 
that it should be read instrumentally. But generally, if the social sciences aim at 
explanatory understanding, their theories must be read in a realist sense. They are 
statements about the real social world; their cognitive adequacy matters greatly for 
policy decisions.

But there has always been a query regarding the autonomy of the social sciences. 
For the hermeneutic model the autonomy of the social sciences imposes itself 
through the double hermeneutic. But matters are less straightforward for the 
empirical model. The Darwinians anticipated the reduction of psychology to evo-
lutionary biology. Positivists, like A. Comte, did not believe that sociology could 
be reduced to physics, since he assumed a positive hierarchy among the sciences.

While in earlier sections we looked at individualism and holism as explanatory 
levels of explanation, the next section considers whether the social sciences can be 
subjected to the strategies of reductionism.

∞ 4.4.6 Reductionism and functionalism Freud was an extreme reductionist, 
in a dual sense. Freud thought that all human behavior could be mechanically 
reduced to underlying psychodynamic forces. Freud also believed that  psycho logy 
could ultimately be reduced to biology if not physics. We have already discussed 
Freud’s “physics envy”: his desire to place psychoanalysis on the same footing as 
physics. He even regarded it as a method comparable to infinitesimal calculus. 
[Freud 1927a, 136] We also find in Freud echoes of Darwin’s prediction that 
“psychology will be based on a new foundation.” Thus he declares in his Vienna 
lectures that

the theoretical structure of psychoanalysis (…) is a superstructure, which will one day 
have to be set on its organic foundation, but we are still ignorant of this. [Freud 
1916b, 389]

We have seen that Freud’s crude reductionism must fail. To carry out his psycho-
analytic program, Freud must borrow from the interpretative approach. Given the 
role of mind in the social world, the failure of closure in the social sciences and the 
existence of mere trends, any reduction of the social sciences to physics looks like a 
forlorn affair. The erection of psychology on an evolutionary foundation is, how-
ever, an option which is actively pursued in the program of evolutionary psycho-
logy. [See Section 5] But if this enterprise is to succeed it must account for the 
emergence of the mind in the material world. The Darwinians clearly saw this 
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 challenge, as we have observed. Before we return 
to this question, there is a more amenable form of 
reductionism whose theme runs through the social 
sciences. It is the question of individualism and 
holism.

As a psychoanalyst Freud naturally leans toward 
individualism. [Rillaer 2005c, 438] Generally, he 
explains group phenomena in terms of what indi-
viduals do; and what individuals do he reduces to 
their unconscious motivations. For instance, he 
explains cultural achievements as the result of deflec-
tion of sexual drives away from immediate satisfac-
tion. This deflection is due to the process of 
sublimation. Weber, too, is an individualist who 
reduces “social phenomena” to “individual actions” 
[Weber 1913, 110] For the individualist, to use terminology we employed before, 
“social phenomena supervene upon individual action and belief.” There is a 
“multiple realizability” of social phenomena due to their dependence on individuals. 
[Elster 1989, Ch. II, XV; Little 1991, Ch. 9; Hollis 1994, Ch. V] But Freud’s 
analysis of group psychology also shows that it is not easy to treat mass behavior as 
a simple summation over individual behavior. Many social phenomena are qualita-
tively different from individual behavior. Durkheim concedes that individuals are 
necessary but not sufficient ingredients for the constitution of social systems. Social 
entities are made up of individuals and the social relations they entertain. The 
dynamics of group behavior shows that individual behavior is strongly influenced 
by the behavior of the group to which the individual belongs. In fact, what indi-
viduals do and think is also influenced by their surrounding culture. Darwin’s 
imperialist opinions on human races and Freud’s antiquated views on female gender 
simply reflected the prevailing cultural attitudes of their lifetime. The way people 
appear and present themselves reflects their culture. In his book on crowd psychol-
ogy, Freud deviates from his individualism. He explains mass behavior through the 
effect of the mass on the individual’s psychic economy. [Freud 1921, 117] He 
observes that mass behavior is qualitatively different from the behavior of indi-
viduals, even if summed over many individuals. The way individuals interact with 
each other produces a difference in their behavior, which is observable as mass or 
group behavior. Freud, the author of Group Psychology [1921], is not in fundamen-
tal disagreement with Durkheim on this point. We can interpret Durkheim’s view 
as saying that collective behavior emerges from indivi dual behavior. It follows its 
own rules, and cannot be reduced to lower-level individual regularities. Thus 
Durkheim adopts a position that stands between a pure individualism and a 
dubious form of Platonic holism.

As objectifications, social institutions, traditions, and value systems can exist 
independently of any particular individual agents. Note that social institutions can 
exist even in the absence of any incumbent, at least momentarily. Social institutions 
like democracy can survive in the world of ideas, without any activation on the part 

Charles Darwin, sporting an 
impressive beard as a man of 
his time
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of agents at a particular point in time. Durkheim’s view is that the existence of 
social or political institutions requires instantiation on the part of individual social 
agents. The existence of social agents is necessary but not sufficient for the exist-
ence of social systems.

An unwanted kind of holism is often said to be the price to pay for adopting 
functionalism. [See Nagel 1961, Ch. 14; Habermas 1970, Ch. II.5; Hollis 1994, 
Ch. 5; Rosenberg 1995, Ch. 5] Functionalism emphasizes that social elements – 
individuals, groups, and institutions – play contributing roles to the functioning 
and maintenance of the whole society. Social agents or organizations that fail to 
contribute to the functioning of the society as a whole are regarded as dysfunc-
tional. Consider, for instance, a functionalist explanation of social stratification or 
the division of labor. It interprets the social division of groups of individuals accord-
ing to income, power, and other parameters as a wholesome contribution to the 
functioning of the whole system. In this sense functionalism seems to require the 
existence of a supra-individual entity called “society,” which distributes the neces-
sary functions for its maintenance. Durkheim [1897] explains suicide rates by 
reference to levels of social cohesion. The existence of society seems to prescribe 
the functions that individuals will take up. We seem to face the same problem, 
which we encountered in the debate between the Deist and the Evolutionist. 
[Chapter II, Section 2.1.2] The Deist stipulated that the function comes first 
through divine will, so that the organ will be tailored to it. But the Evolutionist 
must rely on the mechanism of natural selection in order to explain how organs 
come to adopt certain functions over time.

Is functionalism committed to a metaphysical kind of holism, which presupposes 
the existence of social entities in a realm of their own? On the Durkheimian view 
social entities do not exist as mere aggregates of individuals. Social agents are nec-
essary for social entities. Rather than thinking of society as “organisms” whose 
individual members are its “organs,” biology suggests thinking of them as “self-
regulating systems.”

Social organizations can be planned and directed, but afterward they reproduce them-
selves in the manner of self-regulating systems. (…) social organizations provide the 
model for the theoretical framework of systems research. [Habermas 1970, 170 
(1988), 77]

Such social entities, if we add Dilthey’s crucial insight, are held together by sym-
bolic strings. As social entities are largely symbolic in nature, the holist does not 
need to appeal to some evolutionary account of the growth of societies in order to 
explain the creation of societal functions. The explanation is inherent in the herme-
neutic dimension. Social institutions undoubtedly exercise various functions. The 
function of legislative power (e.g., the parliament) is to create legislation; the func-
tion of the executive power (e.g., the police) is to maintain the laws against their 
violation; and the function of the judiciary power (e.g., the law courts) is to sanction 
the perpetrators of the laws. When the philosophers of the Enlightenment began to 
think about the division of power into its three arms (Locke, Montesquieu), these 
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separate functions existed merely in their minds, or on paper. The human mind can 
create imaginary scenarios and anticipate the future. The Deist needed to postulate 
a Superior Being whose creative acts invested the natural world with biological 
functions. The social philosopher can rely on the creativity of the human mind. The 
human mind creates the function in anticipation of its realization. The social scien-
tist can observe the installation of functions in society. This seems to be a regular 
feature of human life. First, ideas create a space of possibilities; then the possibilities, 
whose consequences can be anticipated, are put into action. If the symbolic dimen-
sions of human existence are taken into consideration, functionalism does not need 
to postulate a preexistent functional whole. The functions exist as plans and are then 
ascribed to social roles. Social roles are effective only if concrete social agents occupy 
them. In carrying out their social roles, social agents fulfill their functions. Once a 
function is planned – as in legislating, policing, judging or, say, teaching – and social 
roles are created to fulfill the functions – the parliamentarian, the police officer, the 
judge, the teacher – concrete individuals are needed to carry out these social roles. 
But note that a social role is not dependent on any particular individual. That func-
tions are anticipated or planned also implies, according to Popper’s problem of 
unplanned planning, that the planning may go awry. The individual or organiza-
tional roles do not rise to the expectations of the anticipated functions. If the func-
tion is to be maintained, the individual and organizational roles must be reformed. 
All this happens on the level of individual members of society, say the Members of 
Parliament. But Durkheim’s point is that once a function and a social role have been 
“defined,” it then transcends the  volition of its individual incumbent.

Do societies exist over and above their individual components? For the individu-
alist only individuals and their actions exist. But as Weber’s introduction of ideal 
types illustrates, pure individualism has difficulties in explaining group behavior. 
It struggles even more to explain complex modern societies. Social structures 
cannot easily be explained on the basis of individual actions. For the holist social 
structures exist over and above individual actions. But in which sense do these 
super-individual structures exist? Marx speaks of a superstructure over a material 
base; Durkheim appeals to a collective soul. If our analysis is correct, neither Marx’s 
superstructures nor Durkheim’s esprit collectif are to be understood as Platonic 
entities. The material base and individual social agents are necessary conditions for 
the existence of social wholes. Note that a Platonic existence of social wholes in a 
supra-individual sphere is incompatible with our finding that social regularities 
exist only as trends. Their dependence on initial conditions and their reversibility 
require their instantiation by social agents. In this sense individual social agents are 
necessary for social life.

In view of the distastefulness of Platonic holism, a philosophical position recom-
mends itself: mix ontological individualism with methodological holism. On the 
ontological basis only individuals are said to exist. But the existence of individuals 
is insufficient to explain social regularities. We therefore adopt methodological 
holism. Social scientists obtain social generalizations to explain social facts without 
mustering appropriate “individual” generalizations. The social sciences have failed 
to live up to Mill’s and Freud’s dream of discovering the psychological laws, which 
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presumably govern individual behavior. Weber’s ideal-type methodology has shown 
how the social scientist can nevertheless make general statements about social 
behavior. But these ideal-typical social generalizations are regarded as expressing 
“typical” or “average” types of behavior. There is no claim that social generaliza-
tions reflect social entities, which would exist over and above the individuals in 
society. But the views of Marx and Durkheim permit the adoption of an emergent 
holism. Social systems, by virtue of their coercive nature, can claim some independ-
ence from their individual members, which make up the relata of the social system. 
The social system only emerges when individual members of society begin to relate 
and interrelate with each other.8 Individual planets do not form a solar system until 
they, as the relata of the system, enter into lawful relations (symbolically expressed 
in Kepler’s laws). Similarly, individual social agents do not form social systems until 
they begin to entertain social relations with each other. These relations may get 
solidified into customs, institutions, trends, and traditions – Dilthey’s objectifica-
tions. The social systems remain dependent on their individual members but only 
as necessary constituents. Social entities take many forms: social substances (France), 
social types (capitalism), events (Wall Street crash of 1929), processes (decline of 
the Roman Empire) and social states (servitude). [Ruben 1985, 8–9] This may be 
viewed as nested systems. [See Box 3.3]

Box 3.3 Nested systems
In order to show the irreducibility of social to individual properties, H. D. 
Ruben spells out four necessary, jointly sufficient components of a nested 
system. [Ruben 1985, 105–7] He starts with the claim that

a necessary and sufficient condition for a relational property P being a social 
relational property is that, if x and y stand in the relation P, then it follows that 
a nested system of interlocking beliefs and expectations exists.

There follow four necessary and jointly sufficient components of a nested 
system:

1. If there are any social relations between x and y, x and y will have inter-
locking beliefs and expectations about actions.

2. There exist second-order beliefs and expectations.

These two conditions are sufficient, to return to Winch’s example, to explain the 
difference between gravity and “being at war.” The gravitational pull of the 
Earth on the moon does not involve shared beliefs about gravity nor 
second-order expectations that the Earth will continue to keep the moon in 
its gravitational field. However, if country x is at war with country y, there will 

8 M. Bunge [1996] proposes a position between Individualism and Holism, called “systemism,” accord-
ing to which individuals and society, agency, and structure interact.
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5 Evolution and the Social Sciences

Evolutionary biology is fundamentally relevant to the study of human behavior 
and thought because our species is the product of naturalistic terrestrial processes – 
evolutionary processes – and not of divine creation or extraterrestrial interven-
tion. [Tooby/Cosmides, “The Psychological Foundations of Culture” (1995), 50]

The social sciences remained relatively unaffected by the publication of The Origin 
of Species (1859). The hermeneutic model reacted against the severe naturalism of 
this model, but still took physics as the paradigmatic science. Proponents of the 
hermeneutic approach underlined the importance of symbolic dimensions in social 
life. Their argument for the autonomy of the social sciences meant that no inspira-
tion was to be gained from either the physical or the biological sciences. In France 
the empirical model had put its faith in the physical sciences. Durkheim accepts 
that quite general features of human nature play their part in social life. But the 
mind is only a minor actor in human affairs.

Collective representations, emotions, and tendencies have not as their causes certain 
states of consciousness in individuals but the conditions under which the body social 
as a whole exists.

Box 3.3 (cont’d)
be anticipations of hostile actions and anticipations that possibly the anti cipated 
action could be thwarted, e.g., through the destruction of enemy positions.

3. Some descending reason-relations exist among the set of beliefs and 
expectations. For example, the reason a social agent acts in a particular 
way is at least partly influenced by the way others expect that agent to act. 
This situation is typical of expectations or norms associated with social 
roles. A social agent, who exercises a social role, will face social expecta-
tions about how to behave in that role. S/he will most conform to these 
expectations. If the agent fails to perform according to the expected form 
of behavior associated with the role, say as father or officer, the social 
group or society will impose sanctions on the agent, which can range from 
mild admonitions to harsh imprisonment.

4. X believes that sometimes Y does what s/he does because of Y’s belief 
about what X believes that Y will do; and Y believes that X sometimes does 
what s/he does for the same reasons. This refers to second-order expecta-
tions of social agents. The agent anticipates that others entertain certain 
beliefs about how the agent will and should behave and adapts her/his 
behavior accordingly. These second-order beliefs are essential for the 
maintenance of trust amongst members of a society.
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This is Durkheim’s endorsement of holism. He accepts that such social actions 
can only materialize “if the individual natures are not opposed to them.” Indi-
viduals are thus a necessary but not a sufficient condition for the formation of 
social entities.

But these [individual natures] are merely indeterminate matter which the social factor 
fashions and transforms. Their contribution is made up exclusively of very general 
states, vague and thus malleable predispositions which, of themselves, could not 
assume the definite and complex forms, which characterize social phenomena if other 
agents did not intervene. [Durkheim 1895, 131]

To a certain extent this neglect of human nature is understandable, even from an 
empiricist like Durkheim. Although empiricism recommends a science-inspired 
approach to the social sciences, it does not question the independence of the social 
sciences. For almost the entire length of the twentieth century, the social sciences, 
irrespective of the approach they adopted, conducted their affairs as autonomous 
disciplines. Evolutionary perspectives played no significant role in their research. 
It is true that Habermas, among others, considered whether the growth of modern 
societies could be explained in evolutionary terms. [Habermas 1976, Ch. III] But 
there was no suggestion, until recently, to make evolutionary principles bear on 
the subject matter of the traditional social sciences. This changed abruptly in 
1975, when E. O. Wilson published his book Sociobiology. In his Descent of 
Man (1871) Darwin had used evolutionary principles to explain moral and social 
features of human groups. Wilson’s book caused a furor because it updated 
Darwin’s ideas.

5.1 Sociobiology – the fourth revolution?

Copernicus resurrected the idea held by a lone Greek – Aristarchos of Samos – 
that the Earth was not the hub of the universe. Darwin argued persuasively that 
Earthlings shared a common origin with all other living matter. Freud believed that 
he had destroyed the Enlightenment image of rational man. Did the American 
entomologist Edward O. Wilson show that all social behavior in animals and 
humans has biological roots? If sociobiology had achieved its goal, it would have 
achieved a fourth revolution. Freud’s audacious claim to have competed the 
Scientific Revolution would have been premature. The accolade for this achieve-
ment would have to go to Wilson. Although sociobiologists write confidently as if 
the biological basis of social behavior had already been established, reality looks less 
reassuring. Often bold speculations replace hard empirical evidence. It seems fairly 
uncontroversial that sociobiology is a branch of modern evolutionary theory. 
[Wilson 1978, 16–7; Kitcher 1985, 118; Ruse 1979, Ch. 2] But it is far from clear 
whether this branch can carry the weighty assertion it is made to bear. In particular, 
the precise nature of the link said to exist between social behavior and biological 
structure has not yet been established. Wilson’s research program may have faltered 
but his ideas live on in evolutionary psychology.
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According to E. O. Wilson, sociobiology is “the systematic study of the biolo-
gical basis of all (forms of) social behavior (in all kinds of organisms, including 
man).” [Wilson 1980, 4; 1978, 16] These are sweeping general statements, which 
need to be cashed in by empirical details. Wilson cannot mean that absolutely all 
social behavior is genetically determined or at least has biological roots. Much of 
our behavior follows norms and conventions, and is inspired by social values. 
[Salmon 2003] Such conventions, norms, and values tend to vary from society to 
society. The English have their dessert before their cheese; the French serve their 
cheese before their dessert. No one would want to claim that this difference in 
cultural habits is genetically determined. Freud may be correct that some of our 
behavior is caused by hidden motives. But much human behavior is based on the 
deliberate weighing of alternative actions. If the motive for the action is also its 
cause then it may be rational behavior. [Davidson 1982] For Wilson’s program to 
succeed it must stay clear of crude determinism, which is committed to attributing 
an underlying gene to every type of behavior. Sociobiology must also avoid falling 
into the platitude that our biological constitution imposes constraints on our 
social behavior. [Sterelny 1988, 539] As humans cannot climb very well, they 
prefer to eat their meals under rather than on trees. A viable sociobiology must say 
more than that biology constrains. It is fairly obvious that every organism’s 
 constitution places constraints on its field of action. What is the most fruitful line 
to adopt?

By his very definition of sociobiology Wilson has committed himself to a strong 
program, according to which the stipulation of a genetic link is always better than 
a non-biological explanation. Consequently,

the influence of genetic factors in the adoption of certain broad roles cannot be dis-
counted. [Wilson 1980, 279]

Although there is much vacillation in Wilson’s writings about the fixity of human 
behavior, the most sympathetic characterization of his program lies in the frame-
work idea:

Ethnographic detail is genetically underprescribed, resulting in great amounts of 
diversity among societies. Underprescription does not mean that culture has been 
freed from the genes. What has evolved is the capacity for culture, indeed the over-
whelming tendency to develop one culture or another. [Wilson 1980, 284]

This emphasis on a “framework idea” of sociobiology is reminiscent of Darwin’s 
views in the Descent of Man.

Each person is moulded by an interaction of his environment, especially his cultural 
environment, with the genes that affect social behaviour. [Wilson 1978, 18]

Wilson even grants that despite the (presumably) innate aggressiveness of 
humans, the evolution of warfare could be reversed and brought under the control 

9781405181846_4_003.indd   2559781405181846_4_003.indd   255 7/31/2008   9:53:38 AM7/31/2008   9:53:38 AM



256 Sigmund Freud: The Loss of Transparency

of rational conflict management. [Wilson 1978, 119–20] Thus, Wilson himself 
seems to steer toward a compromise between nature and nurture. [See Pinker 
2004; Ridley 2003] Such a compromise position casts the genes into the role of a 
general framework, which is compatible with different kinds of cultural 
 manifes tations. For instance, all humans are capable of learning a language but 
which language they learn depends on cultural circumstances. Wilson does not 
pursue the consequences of this compromise position. It would have an impact on 
his understanding of the biological roots of social behavior. It would also lead to a 
modi fication of his radical theses about the integration of the social sciences into 
sociobiology. Sociobiologists of Wilsonian persuasion tend to misunderstand the 
subject matter of the social sciences. For instance, they fail to make appropriate 
distinctions between different types of behavior.

Consider the distinction between compulsive and social behavior. Only social 
behavior has a moral and symbolic dimension, because it contains an element of 
choice of action. Humans can assess the likely outcomes of their actions. Where 
their choices affect the well-being of others their actions can be regarded as morally 
right or wrong. Social behavior is also adaptable to the natural and cultural envi-
ronment, hence it can be learned. Compulsive behavior, however, crucially lacks 
this dimension of choice and adaptability. It is incorrect to propose (as does Ruse 
[1979], §7.2) that schizophrenia and manic depression are examples of social 
behavior which provide positive evidence for sociobiology. It is undoubtedly true 
that these examples of compulsive behavior have strong genetic components but 
they are not types of social behavior. They neither change with the environment 
nor are they the object of learning processes. They are not part of nested systems.

Having rehearsed the arguments of the hermeneutic approach, we can reconstruct 
the response of the social scientist to sociobiology. The anthropologist Marshall 
Sahlins has urged against sociobiology that the symbolic event marks a radical dis-
continuity between culture and nature. [Sahlins 1976, 12] Humans are defined in 
terms of symbolic attributes, so that there is a basic indeterminacy between human 
nature and its cultural expression. [Sahlins 1976, 61] If culture is “biology plus 
symbolic faculty,” as Sahlins suggests, then biology is only a necessary, never a 
sufficient condition for social behavior in humans. [Sahlins 1976, xi, 65–7]

In many of his passages Wilson seems to anticipate the compromise position, 
which many of his critics propose. [See Ruse 1979, §§7.12, 8.2; Sterelny 1988, 
552–4; Pinker 2004; Ridley 2003] The idea is compelling. Genes do not deter-
mine social behavior or even types of social behavior. Rather they provide capacities 
within which different manifestations of behavior can be accommodated. The lin-
guist Noam Chomsky argues that humans possess innate linguistic abilities, which 
manifest themselves in hundreds of different concrete ways of speaking a human 
language. Thus, the genes structure human capacities, while culture determines 
the particulars.

Human behavior can thus be seen as biologically adaptive, which is what the socio-
biologists want, but crucially causally influenced by learning, which is what the 
culturalists want. [Ruse 1979, 160]
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Such statements are echoed in Wilson’s work. Thus he states that

the form and intensity of altruistic acts are to a large extent culturally determined. 
Human social evolution is obviously more cultural than genetic. The point is that the 
underlying emotion, powerfully manifested in virtually all human societies, is what is 
considered to evolve through genes. [Wilson 1978, 153]

The genes provide constraints on human social behavior since they “hold culture on 
a long leash.” [Wilson 1978, 167] The universal has to be separated from the par-
ticular just as a universal grammar, shared by all human speakers, differentiates into 
the particular grammars of our mother tongues. The fatal weakness of Wilson’s 
whole program lay in its vacillation between incompatible positions: does our bio-
logical nature impose strong or weak constraints on social behavior? Let us say that 
the framework idea is retained: the genes are responsible for capacities. But genes do 
not determine rational behavior. The social scientists can grant this point without 
conceding that this admission reduces the importance of the social sciences. On the 
contrary: the capacities need molding and the social sciences will need to spell out all 
the sufficient conditions required to turn capacities into cultural forms. Contrary to 
Wilson’s suggestion [1980, 4] the social sciences are not “the last branches of biol-
ogy waiting to be included in the Modern Synthesis.” Nevertheless, it is a worth-
while pursuit to enquire whether social behavior has biological roots. At the end of 
the 1980s the “sociobiological” revolution was not yet in sight. Sociobiology soon 
lost its appeal; in the popular mind it was too redolent of genetic determinism. But 
the programmatic ideas did not wither. Soon the program returned under a new 
name: evolutionary psychology. It took up the cudgels of sociobiology. In this 
process of adaptation, it made more far-reaching philosophical commitments.

5.2 Evolutionary psychology

(…) everything, from the most delicate nuance of Richard Strauss’s last per-
formance of Beethoven’s Fifth Symphony to the presence of calcium salts in his 
bones at birth, is totally and exactly to the same extent genetically and environ-
mentally codetermined. [Tooby/Cosmides 1995, 83–4]

Sociologists like Durkheim and Weber had no room for biology in their sociological 
theories. By contrast, Freud seems to have listened to Darwin’s prediction. He pre-
sented psychoanalysis as a theory that would eventually be based on biological foun-
dations. Evolutionary psychology (EP) is heavily indebted to Darwinian principles. 
It seeks to establish a tight link between evolution and the social sciences. In fact, 
both sociobiology and evolutionary psychology are committed to a unification of 
the social sciences with evolutionary biology. The dream of a fourth revolution is still 
alive. If the social sciences became a specialized branch of biology, the traditional 
autonomy of the social sciences would come to an end. Does EP succeed where 
Wilson’s program failed through vacillation? Philosophically, EP adopts a much 
more efficient procedure, which we have seen at work before. EP claims that the 
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traditional social sciences have failed. What’s wrong with the Standard Social Science 
Model (SSSM)? As we have seen, the central postulate of the social sciences is that 
social facts mold plastic human nature. To SSSM nurture is far more important than 
nature. SSSM is not necessarily committed to the Lockean view of the human mind 
as a blank slate, on which culture leaves its imprints. Under Wilson’s framework idea 
SSSM can admit general-purpose mechanisms in the mind. These general genetic 
capacities do not, however, distract from the role of culture. But according to EP, 
the traditional social sciences encounter an insuperable problem. SSSM cannot 
explain how social agents solve an array of complicated tasks. Noam Chomsky 
employed a similar argument in his critique of behavioristic accounts of language 
learning. The mastery of a human language by a young child, Chomsky argued, 
could not be explained in terms of feedback- and response-mechanisms. The obsta-
cle to such learning mechanisms is the syntactic and semantic complexity of human 
languages. Proponents of EP infer from the alleged failure of SSSM to the need for 
a new model of the social sciences. They call it the Integrated Causal Model. What 
are the human abilities and capacities that allow them to solve complex tasks in the 
material and social world? Proponents of EP state, by way of example, the following 
abilities: [Cosmides/Tooby 1998, 9, 11; Tooby/Cosmides 1995, 121, 123]

● ability to learn symbolic languages;
● ability to reason and draw inferences;
● ability to comprehend the material world;
● ability to anticipate the future;
● ability to organize social life;
● ability to exercise mate and food preferences;
● ability in infants to recognize faces.

EP’s epistemological claim is that only the Integrated Causal Model can account 
for the complex tasks that humans routinely perform.

Before we consider the substantive claims of EP, let us briefly consider a modified 
version of SSSM. We should note that vast areas of social life can be studied irrespec-
tive of any biological foundations of human nature (economic life, social structure, 
cultural institutions). Such a modified version, as it already emerged in response to 
sociobiology, accepts that human nature may have a larger part to play in the social 
sciences than Durkheim was willing to concede. Animals are rigidly controlled by 
their biology (instincts). But human behavior is largely determined by culture, albeit 
within limits of biological constraints. In this context culture is loosely defined as 
the existence of largely independent systems of norms, values, symbols. Some of 
these cultural products will be context-specific but, as the arguments against relati-
vism have shown, humanity also shares a common core of abilities and practices. The 
genetic structure of humans provides constraints, which present themselves as 
capacities, dispositions, which require cultural inputs to manifest themselves. There is 
reason to believe that such a modified view of SSSM could do its job. [Ridley 2003]

It is this common core of human abilities on which EP’s substantive claims focus. 
EP considers that the traditional social sciences have failed because of their neglect 
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of the biological dimensions of human existence. The social sciences should there-
fore be based on evolutionary theory. But where sociobiology embraced rather 
vague philosophical commitments of reductionism, EP is philosophically sounder, 
for two reasons. First, proponents of EP adopt the correct inferential attitude. 
From the point of view of eliminative induction the inference to the Integrated 
Causal Model is the right strategy, if SSSM indeed fails. [Figure 3.5] But the failure 
of one model, like SSSM, does not automatically bestow credibility on a rival 
model. A rival model, like EP, needs to present independent evidence for its claims, 
e.g., evidence, which is incompatible with the rival model. In an earlier chapter we 
distinguished between admissible and permissible inferences. We regarded infer-
ences to intelligent design as permissible but not admissible, since there can be no 
empirical proof of an intelligent designer. As EP is grounded in evolutionary theory, 
it takes itself to be making admissible inferences from observable behavior to unob-
servable mental structures. If the evidence can be shown to discredit SSSM but 
credits a rival model, EP, then this is an admissible inference. However, we recall 
from the methodological discussions of Huxley and Haeckel that the favored model 
must find supportive evidence, for instance in the form of deductive or inductive 
consequences.

There is a second reason why EP has superseded sociobiology. It endorses a 
 philosophy of mind. Its philosophy of mind is a presupposition, open to criticism. 
Its view of the mind can best be expressed by an analogy: the Swiss-army-knife view 
of the mind. [Dennett 1995] According to this view, the human brain is equipped 
with numerous special-purpose mechanisms (neuron circuits), also called “mod-
ules.” EP also subscribes to the strong materialism of the Darwinians. These mech-
anisms, they claim, have evolved to solve adaptive problems encountered by our 
ancestors in our evolutionary past. Consider for instance the reasoning instinct. It 
has evolved as a response to particular problems in the environment of our remote 
ancestors.

The mind is a set of information-processing machines that were designed by natural 
selection to solve adaptive problems faced by our hunter-gatherer ancestors. 
[ Cosmides/Tooby 1998, 1; see Rose/Rose 2001 for a sustained attack on EP from 
many different perspectives]

Figure 3.5 Inferences from evidence to competing models

9781405181846_4_003.indd   2599781405181846_4_003.indd   259 7/31/2008   9:53:39 AM7/31/2008   9:53:39 AM

Publisher's Note:
Permission to reproduce this image
online was not granted by the
copyright holder. Readers are kindly
requested to refer to the printed v ersion
of this chapter.



260 Sigmund Freud: The Loss of Transparency

Different neural circuits – or modules – have been honed to solve different 
 adaptive problems. The assumption of a network of neural circuitry in the brain is 
a far cry from the acceptance of general-purpose mechanisms in the modified ver-
sion of SSSM. Owing to the slowness of evolution, our modern skulls house a 
Stone Age mind. Proponents of EP therefore consider that our mental architecture 
has been installed by evolutionary forces. The gradualness of the evolutionary 
mechanism makes the 2,000 years of Western civilization a mere blink of an eyelid 
in evolutionary terms. In an obvious reference to Freud, proponents of EP also 
consider that most of what goes on in our minds is hidden from our conscious 
gaze. But the Unconscious is not an evil demon; it is a network of neural circuits.

Freud would have been sympathetic to the universalism inherent in this position. 
Every species has a universal, species-typical evolved architecture. It is innate in the 
sense of having been forged by evolution. EP is a self-styled Kantian position in 
an evolutionary cloak, since it postulates “innate” universal, a priori structures. 
[See Ratcliffe 2005, 53–4] But EP avoids a crude form of determinism. The 
 universal mental architecture requires a certain particularism for its  implementation. 
Different social circumstances lead to different cultural manifestations of the 
 underlying evolved psychology. The procedure of EP follows a bottom-up approach 
in which the evolved architecture is the foundation on which behavioral 
 characteristics are erected.

The methodological procedure adopted by proponents of EP is reminiscent of 
inferential practices in the history of science. EP, it is claimed, is an inference to the 
best explanation (IBE). As we have seen, Freud made similar inferences: from 
 manifest complex behavior to an unconscious mental architecture. The Freudian 
case also made clear what is wrong with IBE. It must not be an inference to the 
best explanation tout court, but to the best contrastive explanation.

EP is seriously affected by the problem of unobserved entities, like its Freudian 
cousin. It stands in serious danger of violating Ockham’s razor: “entities are not to 
be multiplied beyond necessity.” In modern terms Occam’s razor is the recom-
mendation that researchers should choose the simplest hypothesis that will fit the 
facts. The defenders of EP multiply mental modules to keep track of human abili-
ties. It is probably true that the mind cannot be understood without biology. But 
there are alternative ways of accepting this discovery. EP is involved in a genocen-
tric fallacy. [Dupré 2005, 81–7] Recall that one of the criticisms against intelligent 
design, inspired by Nietzsche, was that we cannot infer from today’s function of a 
biological organ what its original function would have been. In a similar way we 
cannot easily infer from an adapted trait to genetic evolution. In making this infer-
ence we exclude the possibility of cultural evolution, i.e., transmission of behavior 
and traits by processes of learning. By adopting a functional view in the philosophy 
of mind as a presupposition, EP assumes a 1:1 correspondence between neural 
circuits and particular human problem-solving capacities. One “can view the brain 
as a collection of dedicated mini-computers whose operations are functionally inte-
grated to produce behavior.” [Cosmides/Tooby 1998, 8–9; italics in original] 
However, this presupposes rather than solves the mind–brain dualism. Humans are 
largely defined in terms of symbolic attributes. We cannot simply postulate a 

9781405181846_4_003.indd   2609781405181846_4_003.indd   260 7/31/2008   9:53:39 AM7/31/2008   9:53:39 AM



 Sigmund Freud: The Loss of Transparency 261

 mapping of a piece of neural machinery to a particular type of mental structure, 
which results in meaningful social behavior. EP is an alternative research program, 
which still has to establish its credentials.

6 Freud and Revolutions in Thought

The old man (…) had a sharp vision; no illusion lulled him asleep except for an 
often exaggerated faith in his own ideas. [Einstein on Freud, quoted in Pais 
1982, 515]

There are striking contrasts in the public reception of mistaken ideas in the history 
of science. It is rare for a discredited scientific idea to attract the attention of jour-
nalists. Important figures in the history of science, like Ptolemy and Lamarck, are 
ignored in favor of the official heroes of science. The 
recent review of Freud’s corpus of ideas – on 
the occasion of the 150th anniversary of his birth 
(May 6, 1856) – shows that Freud has acquired his 
own journalistic history. The doubtful scientific 
status of Freud’s ideas has never deterred the maga-
zine and newspaper writers from celebrating Freud’s 
achievements. Over many years international news 
 magazines – Le Point, Der Spiegel, Die Zeit, Time 
Magazine – Sunday newspapers and the Scientific 
American have informed their readers about the for-
tunes of Freud’s theory. For the last three decades 
the general tenor had been to announce the demise 
of Freudian theory. The publication of Le Livre Noir 
de la Psychanalyse [Meyer 2005] prompted Le Point 
to ask: “Faut-il en finir avec Freud?” But the articles 
on the occasion of the 150th anniversary of Freud’s 
birth gave a much more upbeat assessment. Freud’s 
ideas, it seems, are fashionable again. It is agreed 
that some of his ideas, like his views on female sexu-
ality, are discredited. But some of his core ideas are 
said to be testable. [See Solms 2004; Crews 1997; Grünbaum 1977a, b; 1979] For 
instance, Freud is credited with the discovery of the unconscious mechanisms of 
much of our behavior. Some researchers, like Mark Solms [2004], claim that 
Freud’s views on dreams as wish fulfillment may have been right after all. What is 
salvaged from Freud is a general framework, a paradigm. The evolutionary psy-
chologists, for instance, speak of the neural mechanisms underlying our conscious 
behavior. But the details of their models are very different from Freud’s original 
ideas. Others remain as hostile to Freud as ever. For them the resurrection of 
Freudian ideas is not worth the effort; they are discredited and we might as well 
make a fresh start.

The publication of this book 
in 2005 marked a significant 
shift in France away from the 
unquestioned acceptance of 
Freud’s  psychoanalysis
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Whatever attitude one adopts toward Freud the scientist, it is generally agreed 
that he was a great figure in the history of ideas. Thomas Mann declared that the 
“pschoanalytic insight is world-changing.” [Mann 1936, 150] Freud’s impact as a 
molder of thought has left its traces in the world of arts (James Joyce, Virginia 
Woolf). If Freud has redrawn the psychological map of human nature, is he, after 
all, a pillar of Enlightenment thinking, rather than a pseudo-scientific trickster? 
[Cioffi 1970] This whole chapter was subtitled “The Loss of Transparency.” This 
subtitle served to indicate that Freud shrank the realm of rational thought, as the 
theater of human action, to a size which many Enlightenment philosophers would 
have found unacceptable. But Habermas and cultural commentators often  associate 
Freud’s achievement with the project of the Enlightenment. [Habermas 1968; 
1970] The importance of Freud’s model resides for Habermas in the way it com-
bines understanding and explanation. On the one hand, there is the level of inter-
pretation, which is driven by the symbolic manifestation of the unconscious 
motives. On the other hand, these motives are not consciously available to the 
patient; they act, according to Freud, as causes which require an explanation. 
[Habermas 1968 (1972), Part III, Ch. 10, 11; 1970, 297–8 (1988, 180–1); 1983, 
214] Verstehen in itself is not an adequate method; in fact it is not a special method 
of the social sciences at all. But explanation cannot do full justice to the subject 
matter of the social sciences either, because of the ubiquity of the double herme-
neutic in the social world. [Habermas 1970, 281, 289 (1988, 167, 174)] But 
Habermas takes Freud’s insistence of the scientific nature of his personality model 
far too seriously. As we have seen, the level of interpretation of the data already 
causes considerable problems, because the interpretation of dreams and other 
symptoms of troubled psyches is free-floating. The unconscious motives are not 
subject to uninterpreted evidential relations.

But Freud may still be credited for having shown us how to hold a liberated, 
guilt-free discourse about human sexuality without blushing. He liberated us from 
the shackles of sexual suppression. His psychoanalysis opened our eyes to the 
unconscious, often sexual motivation of human behavior. Shining light on the 
dark corners of our existence was after all the main focus of the Enlightenment. In 
which sense then can we speak of a loss of transparency? The answer to this ques-
tion refers us back the assessment of the scientific status of Freud’s theory. Modern 
Freudians treat Freud’s theory at least as a serious framework theory, a paradigm, 
which offers the additional bonus of self-reflection. [Habermas 1968 (1972), 
Part III. §10; Solms 2004] The anti-Freudians simply reject Freud’s efforts as 
pseudo-scientific humbug. Who is right? In this chapter we have avoided a prede-
termined answer to this question. We have examined Freud’s inferential practices 
and found them wanting. Freud argued that his case studies offered supportive 
evidence for his psychoanalytic model. But his evidence is both slender and ambig-
uous. Freudian slips, dream analysis, and free association are neither objective nor 
intersubjective. Dream data are not hard empirical facts. A dream stands in need 
of interpretation. If the interpretation is provided by psychoanalysis, the dream 
data can then not serve as confirming or falsifying instances. Freud would have 
contributed to a gain rather than a loss of transparency if his views had  commanded 
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 scientific credibility. But as it stands, he has provided no supportive evidence for 
his theory. Such evidence may one day be procured in a laboratory. But as long as 
this day has not yet arrived, Freud remains a revolutionary in the history of thought 
rather than in science.

6.1 Revolutions in thought vs. revolutions in science

In earlier chapters we considered some criteria for a scientific revolution. 
Freudianism satisfies some of these criteria. Firstly, Freud switched perspectives. 
He argued that we should look at human beings from the point of view of their 
unconscious  motivations, rather than their rationality. He makes a conceptual 
innovation over his predecessors, for he argues that the Unconscious is dynamic. 
Secondly, in a loose sense it could be claimed that Freud introduced some new 
techniques into the study of mental phenomena. But talking cures, free associa-
tions, and interpretations are qualitative procedures, which are fraught with dif-
ficulties. These  techniques do not seem to be independent of the theory which 
uses them to support its claims. In connection with these criteria we argued that 
a new theory must also be explanatory. It must solve some outstanding problems, 
make some explanatory gain. It is the problem-solving ability of the Freudian 
theory that has attracted much criticism. The paucity of the evidence for Freud’s 
claims affects the distribution of credit over the model space. The qualitative 
 evidence fails to credit the Freudian model, while discrediting rival models. 
Freud’s model cannot be called explanatory. The third aspect of a scientific revolu-
tion related to the emergence of a new tradition through chain-of-reasoning 
transitions. However, this new tradition lacks the problem-solving capacities of 
Copernicanism and Darwinism. Fourthly, there was the convergence of expert 
opinion on the new tradition. Freud’s case differs from that of Copernicus and 
Darwin. One hundred and fifty years after Freud’s birth the world is still divided 
over his claims. That is, the central aspect of convergence is still missing from the 
history of the Freudian theory. There is neither convergence of the evidence in 
favor of Freud’s model nor convergence on at least some alternative models in the 
scientific community. If Freud has failed as an author of a scientific revolution, he 
has succeeded as the originator of a revolution in thought. Freud’s terminology 
and ideas have certainly penetrated the cultural sphere. Freud has created “homo 
psychologicus.”
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Essay Questions

 1 Explain Freud’s assumption of psychic determinism. Evaluate the  implication 
of this assumption for the scientific status of Freudian psychoanalysis.
 2 Does the Freudian model of the mind satisfy any criteria of scientific status?
 3 Explain and evaluate Freud’s claim to have completed the Copernican 
 revolution.
 4 Explain the structure of Freudianism. What speaks in favor of and against the 
theory?
 5 Are Copernicanism, Darwinism, and Freudianism best characterized as 
instances of falsificationism or eliminative inductivism?
 6 What does adherence to scientism mean for Freud’s psychoanalytic theories?
 7 Why is there dispute about whether Freud’s theory was scientific or not?
 8 Couldn’t we regard Freud’s theory as just a model? What implication would 
this decision have for the status of psychoanalysis?
 9 Critically discuss Freud’s claim that “we are not even masters in our own 
house.”
10 Critically discuss the notion of the Unconscious in the context of Freud’s 
theory.
11 Is it reasonable to make a distinction between “revolutions in science” and 
“revolutions in thought”? Illustrate your answer.
12 Explain the major achievements of the Copernican or Darwinian or Freudian 
revolution, respectively.
13 Explain how the issues of instrumentalism and realism arise, respectively, in 
Copernicanism, Darwinism, and Freudianism.
14 Why does the issue of realism versus instrumentalism run through 
Copernicanism, Darwinism, and Freudianism alike?
15 Analyze the challenge which the Freudian model of the mind poses for 
Enlightenment views of human nature.
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16 Explain the structure of evolutionary psychology.
17 Explain why evolutionary psychology emphasizes the universality of the 
human mind.
18 Discuss the similarities and dissimilarities between sociobiology and 
 evolutionary psychology.
19 State the main differences between the hermeneutic and the empirical model in 
the social sciences. Evaluate the strengths and weaknesses of each of these models.
20 Discuss and illustrate the importance of ideal types as a tool in the social 
 sciences. How do ideal types relate to both the empirical and hermeneutic 
models?
21 Use examples from astronomy, biology, and the social sciences to evaluate the 
appropriateness of eliminative inductivism.
22 Discuss the problem of underdetermination with respect to three  revolutions 
in thought.
23 How does the problem of relativism arise in the context of the social  sciences? 
Is it a pseudo-problem? Or does it have an effect on the social world?
24 Critically discuss the distinction between instrumental reason and objective 
reason in the Critical model of the social sciences.
25 Critically discuss Weber’s views on objectivity and value neutrality in the 
social sciences.
26 Would it be true to say, according to holism, that “society is more than the 
sum of its individual members”?
27 Would it be true to say, according to individualism, that “society is nothing 
but the sum of its individual members”?
28 Is it possible to answer causal questions in the social sciences?
29 Discuss what scientism means, as defended by Comte and Durkheim. 
Consider whether it is an appropriate approach in the social sciences.
30 Explain Dilthey’s method of Verstehen (Understanding).
31 What implications would relativism have in the practice of the social 
 sciences?
32 Examine the major tenets of the Critical model in the social sciences and 
 discuss whether it can make contributions over and above the standard models.
33 Explain the DN and IS models of scientific explanation. Can they be used in 
the social sciences?
34 Why should social scientists be particularly worried about the distinction 
between facts and values in social research?
35 Could there be laws in the social world?
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